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Energy Distribution Diagram from Fuel in a Well-Equipped 
and Operated Steam Plant 
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Chasing the Wastes 


HERE DOES the heat go? It comes to us 
in the fuel and costs good hard dollars. 
We buy it and use it to get certain prod- 
ucts, cloth, guns, shoes, sugar, comfort- 
able housing. All these demand fuel; all 
are needed by our soldiers over there and 
our civilians over here—and in ever in- 

ever increasing quantities—even greater than we can 

supply. 

Waste of fuel or heat or its other self energy, either 
mechanical or electrical, is waste of food, clothing and 
housing. It is unpatriotic. It is inhuman. For there 
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FIG. 2. TYPICAL THERMAL EFFICIENCY CHART, LOSSES 
INDICATED IN BLACK 
CHART ILLUSTRATING HOW EXHAUST STEAM MAY 
BE UTILIZED 


FIG. 3. 


will be scarcity of these essentials the best we can do, 
and anything below that best will result in privation 


and hardship for those who cannot get these essentials 
because of the waste. 

And so it becomes vital, not only as a matter of 
economy, but for common humanity’s sake, that no fuel 
be wasted, no heat unit be allowed to stray, that can 
possibly be guided into productive work. 

To give an idea of what becomes of the heat in fuel, 
the diagram on p. 1 has been drawn. Starting with 
100 per cent of heat in the fuel as fired to the boiler, 
there are boiler losses to ashpit by unburned fuel, to 
the stack by hot gases, and by radiation from the heads 


‘and setting. The balance passes in the steam to the 


main, where some more is lost by radiation, some diverted 
to pumps, and the remainder conducted to the engine. 
There some losses are found in radiation and friction, 
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THE BLACK AREA ABOVE INDICATED STOPPING POINT 
SHOWS UNNECESSARY LOSS 


an unfortunately small part of the heat energy is con- 
verted into mechanical energy, and the greater part is 
thrown out of the exhaust. 

The mechanical energy is most commonly converted 
into electrical by the generator, transmitted to switch- 
board, transformer and motor, and reconverted into me- 
chanical energy for driving machinery through belts and 
shafting, the final result in a typical case as shown be- 
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ing that of 100 B.t.u. in the furnace, 3.4 B.t.u. are 
utilized at the driven machine. 

While the amount of energy that may be saved by 
reducing losses in generator, electric lines, transformer, 
motor and shafting may seem small, it must be remem- 
bered that a heat unit saved there represents a saving of 
16 B.t.u. in the boiler furnace. 

Going back to see where some of our losses may be 
recovered, at the stack, an economizer may catch a goodly 
amount of heat, and transfer it to the feed water, thus 
saving fuel; the exhaust steam from engine and pumps 
may be passed through heaters to heat the feed water, 
and the balance of the steam used for heating buildings 
or in manufacturing processes. Condensed steam may 
be passed to the hot well, cleansed of oil and used as feed 
water, thus saving a considerable part of the heat which 
it carries. , ; 

To make sure that we are doing our best to save fuel, 
every step, machine and piece of equipment must be 
gone over, its condition ascertained and its performance 
checked up to make sure that losses are at a minimum, 
efficiencies and reclaiming methods at a maximum. 

Diagram Fig. 2 shows the proportion in which heat 
is lost at various points and Fig. 3 the proportion in 
which it is reclaimed. 

In the following pages, each step of the process is 
taken up in detail to show how wastes may be hunted 
out and stopped. On with the chase: 


PROPORTION OF PowErR PLANT LOSSES 


Hand-fired boiler H. R. T.— 
Fuel in Furnace 
Ashpit logs 
Radiation loss 
Gases to economizer 
Steam to main 


Eeconomizer— 
Gain to F. W 
Gases to stack 
Steam Main— 
Piping radiation loss 
Branch to boiler feed pump 
Branch to condenser pump 
Branch to hot well pump 
Main to engine 
Engine— 
Radiation loss 
Friction loss 
Exhaust steam 
Power to generator 
Generator— 
Resistance and friction loss 
Line to switchboard loss 
Power to switchboard loss 
Switchboard— 
Resistance loss 
Line to transformer loss 
Power to transformer loss 
Transformer— 
Resistance and iron loss 
Line to motor loss 
Power to motor loss 


ENGINEERING 


Motor— 
Resistance and friction loss 
Belting to shafting loss 
Power to shafting loss 
Shafting— 
Friction loss 
Belting to machine loss 
Power to driven machine 


Boiler Feed Pump— 
Ex. steam loss 
Condenser pump loss 
Hot well pump loss 
Atmospheric Ex. Piping— 
Delivered to F. W. heater 
Oily drips to sewer 
L. P. Ex. Piping— 
Radiation loss 
L. P. heater 
To condenser 
Radiation loss 
To hot well 
Hot Well— 
Radiation loss 
To feed water 
L. P. Heater, Closed— 
Gain to feed water 
Atmospheric Heater, Open— 
Gain to feed water 
F. W. return to boiler, condensing 
Alternative Noncondensing and Heating— 
Atmospheric ex. line takes 
Radiation loss 
Heat to F. W. heater 
Atmos. F. W. Heater, Open— 
Radiation 
0 A re Tere rr Ty rt 
To heating system 
Heating System— 
Radiation 
Useful heating 


Hot Well— 
Radiation 
Feed water 
Feed Water— 
From hot well 
From heater 
From economizer 


Returned to boiler 


TEN YEARS ago, only, Wilbur Wright succeeded in 


flying 30 mi. in 40 min. Now we have planes capable 
of carrying a dozen or more men. One, used since 
1916, recently made a flight of 500 mi.; and another, 
after having the lower plane stripped of canvas by a 
high explosive shell, flew 60 mi. to its own lines. It is 
difficult to foresee what will be accomplished with 
another 10 yr. of development along lines useful to 
peace activity. 
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Testing of Coal 


SrmPLE TESTS TO BE Easituy Mave WitH INEXPENSIVE APPARATUS TO DETER- 


MINE THE QUALITY OF CoAL SUPPLIED TO A PLANT. 


HIS ARTICLE deals with methods of testing coal, 
to determine the quality of a shipment consisting of 
one to several carloads. 

Testing work consists mainly of two parts, namely, 
collecting and reducing the sample, and the testing of 
the reduced sample. Of the two parts, the collection and 
reduction of the sample requires the greater care and 
judgment, particularly if the coal contains a large per- 
centage of lumps. This fact is not as generally appre- 
ciated as it should be, and as a result much time is 
wasted in testing worthless samples. 

In order for a test to be of any practical value, the 
sample must be collected so that it is representative in 
every way of the quality of the entire shipment. If the 
collection of the sample is made carelessly and the sample 
does not represent the entire shipment, the testing of the 
sample is not only useless, but may lead to unjust 
decision. 

TIME OF SAMPLING 


UsuA.xy the best time to collect the sample is when 
the shipment is being unloaded. If the coal is unloaded 
over a conveyor and is run through a crusher, it is better 
to collect the sample at some point after it has left the 
crusher. The coal is then of more uniform size and it 


will be easier to obtain a representative sample. If 
laboratory determinations are desired of a coal burned 
on a boiler test, it is best to collect the sample from 
each ecartful, or every other cartful, as the coal is being 
delivered over the scale to the firing floor. 


Size or SAMPLE 


THE sIZE of the sample that should be collected varies 
with the size of the coal. When sampling run-of-mine 
containing a large percentage of lump, the sample should 
weigh at least 1000 lb. When sampling screenings a 
500-lb. sample may be sufficient. 

Usually an ordinary shovel or coal scoop is the most 
convenient tool for collecting the sample. When 
sampling very lumpy coal, the larger the shovel the 
better. Small shovels, such as are used for feeding coal 
into a stove, are not recommended. 


MetuHop orf CoLLECTING SAMPLE 


WITH ALL sizes of coal, it is preferable to collect the 
sample by complete shovelfuls, because by such large 
increments it is easier to get the proper proportion of 
lump and fines than if small increments are taken with 
the corners of the coal scoop, or if a small hand-shovel 
is used for sampling. Dipping a corner of a coal scoop 
at several places in the coal pile or a eart to obtain one 
shovelful is sure to result in the collection of more fines 
and less lump than contained in the average of the coal, 
and cannot be considered a representative sample. 

Most of the high grade eastern coals are soft and 
crumble easily. The lumps are held together by thin 
layers of slate or bone coal which does not crumble 
easily; consequently, the lumps will contain more ash 
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than the fines. On the other hand, coals like those from 
the Illinois field are hard and stay in lumps without the 
binding strength of the slate. In fact, most of the im- 
purities are softer than the coal and crumble easier than 
the coal. Consequently, the fines of these coals contain 
higher percentage of ash than do the lumps. Further- 
more, the fines of all bituminous coals hold more mois- 
ture than the lumps when exposed to rain. For these 
reasons care must be exercised in collecting the sample 
that the same proportion of lumps and fines are col- 
lected as contained in the coal. 

A sample should not be collected from the surface of 
coal piles, bins, cars, or barges. Invariably the surface 
contains more lumps than the interior of the pile. It is 
advisable to dig 3 or 4 ft. into the bulk of the coal when 
obtaining a sample. Such digging should be done and 
the sample collected at several places in the pile. 

It is difficult to give detailed instructions for 
sampling coal that will apply in all cases. When 
sampling coal, one must bear in mind that the sample 
must be representative of the entire shipment and judg- 
ment must be exercised to make it so. 


REDUCING THE SAMPLE 


AFTER the sample has been properly collected, the 
coal must be crushed and the sample reduced to a con- 
venient size for laboratory manipulation. This crushing 
and reducing should be done on some hard, smooth sur- 
face sufficiently large to hold all the coal. A good 
smooth conerete floor can be used for this purpose, but 
if this is not available, a 1 to 14-in. steel plate should 
be obtained. The sample is successively crushed and 
reduced to one-half by the quartering method or by 
discarding alternate shovelfuls. With large samples it 
will be found more convenient to reduce the sample to 
about 500 Ib. by discarding alternate shovelfuls, and 
then finish by quartering. 

After the lumps have -been crushed to the required 
size, the coal is shoveled into a conical pile and well 
mixed by taking the coal all around at the base of the 
pile and depositing it at the top. The coal is then taken, 
a shovelful at a time, and spread in a ribbon about the 


width of the shovel and 5 to 10 ft. long. The spreading 
of each shovelful starts alternately at the two ends of 


the ribbon which gradually grows into a pile. When all 
the coal has been placed in this long pile, the sampler, 
starting at one end of the pile and at the bottom of it, 
takes shovelfuls and deposits them alternately on two 
separate piles, advancing in the same direction around 
the long pile until all the coal has been removed to the 
two piles. One of the two piles is then rejected and the 
coal in the other is crushed, mixed, and again made into 
a long pile and reduced by shoveling it into two piles. 
To reduce a sample by quartering, the coal is shoveled 
into a conical pile and well mixed by taking the coal at 
the base of the cone and placing it at the top. The cone 
is then flattened down with a shovel and the circular 





1 
coal 

and 

thro 
The 

betw 
% p 
dryit 
the n 
quali 
orde} 
hand 
T 
to a | 
meth 
an A 
Abbe 
1 gal 
The j 
about 
the p 
anthr 
in th 
requi 
succes 


’ bottle 


redue 
possi 
atmos 
The e 
analy: 
for ch 
oughh: 


PR 
moistt 


POWER PLANT 
ENGINEERING 5 


January 1, 1919 


pile is marked by two crossing lines into quarters. Two 
opposite quarters are rejected and the space vacated 
is swept clean; no fines should be left behind. The re- 
maining two quarters are crushed and mixed and again 
reduced by quartering, and so on until only 5 Ib. of 
3/16-in. coal is left. This coal is then placed into a jar 
or can, sealed and transmitted to the laboratory. The 
crushing and reducing of sample should be done in a 
place where the coal would not be exposed to sun or to 
rain. The work should be done as quickly as possible so 
that there would be as little change of moisture as 
possible. ; 

The following table shows the successive sizes of coal 
and the weight of sample required by the U. S. Bureau 
of Mines in the process of reduction of the gross sample. 

Largest Size of Pieces 
Allowable in Sample 
Weight of Sample in Pounds Before Quartering 
Gross Sample 1000. or more 1 inch 
Gross Sample 500 34 inch 
Gross Sample 250 1% inch 
Gross Sample 125 3% inch 
Gross Sample 60 % inch 
Gross Sample 30 3/16 inch 


PREPARATION OF SAMPLE IN LABORATORY 


WHEN the 5-lb. sample reaches the laboratory, the 
coal is spread to a depth of 1 in. on a metal sheet pan 
and weighed. It is then placed in an air drying oven 
through which passes air at 30-35 deg. C. (85-95 deg. F.). 
The coal is kept in this oven until the change in weight 
between two weighings, 6 to 12 hr. apart, is less than 
Y% per cent. The reduction in weight is called the ‘‘air 
drying loss.’’ It is always less than what is known as 
the moisture in coal. It has no significance so far as the 
quality of coal is concerned; the sample is air dried in 
order that the coal may not lose moisture while it is 
handled in the laboratory. 

The air dried sample is then crushed in a roll crusher 
to a 10-mesh size, mixed, and reduced by the quartering 
method to 500 grams. This reduced sample is ground in 
an Abbe ball mill to pass through a 60-mesh sieve. The 
Abbe ball mill consists mainly of an earthen jar of about 
1 gal. capacity and is partly filled with small pebbles. 
The jar is sealed air-tight and rotated by machinery at 
about 60 r.p.m. and the coal is ground by the action of 
the pebbles. Bituminous coals require about 14 hr. and 
anthracite about 2 hr. Large particles that still remain 
in the coal after this period should be crushed to the 
required size by hand. The sample is then reduced by 

_successive quartering to 50 grams and placed in a 4-oz. 
bottle with a rubber stopper. The hand-crushing and 
reducing of this sample should be done as quickly as 
possible to prevent absorption of moisture from : the 
atmosphere; a skilled than can do it in less than 3 min. 
The coal in the bottle is the coal used in making chemical 
analysis, but, before taking any coal out of this bottle 
for chemical determinations, the contents should be thor- 
oughly shaken to insure uniformity of the coal. 


PROXIMATE ANALYSIS 


PROXIMATE analysis consists of the determination of 
moisture, volatile matter, ash, and the fixed carbon. Of 


these, the moisture and the ash are the most important 
and most useful in testing the quality of coal. 

The apparatus needed for making proximate analysis 
consists of the following: Chemical balance sensitive at 
least to 1/1000 gram., drying oven, desiccator, 0.6 cu. in. 
platinum crucible with a platinum cover, porcelain cap- 
sule 13 in. diameter and 7% in. deep, Meker burner No. 
3, muffle furnace. : 

All the above apparatus are stock articles on the 
market. 


MoIsTuRE 


For THE determination of moisture, 1 gram of the 
powdered air-dried coal is weighed out in the porcelain 
capsule and placed for 1 hr. in the drying oven, which is 
kept at 105 deg. C: (221 deg. F.) by a boiling mixture 
of two parts of glycerine and one part of water. Air 
previously dried by passing through concentrated sul- 
phurie acid is passed over the coal at such a rate as to 
change the air in the oven two to three times a minute. 


ay 


y 


DRIVING OFF VOLATILE COMBUSTIBLE OVER A GAS 
FLAME 


Fig. 1. 


‘After 1 hr. in the oven, the capsule is cooled in the 


desiccator and weighed. The loss in weight is called the 
moisture at 105 deg. C. 

The total moisture in the coal as received consists of 
the sum of the moisture in the air dried coal plus the 
moisture at 105 deg. C., both reduced to the same basis. 


VoLATILE MATTER 


DETERMINATION of the volatile matter is entirely a 
conventional method. The coal does not contain volatile 
matter in the same sense as it does moisture. Under a 
heat treatment the coal substance breaks down, and part 
of it escapes in the form of gas and tar. This gas and 
tar does not exist as such in the original coal. The 
amount of the gas and tar escaping from the heated coal 
depends not only on the character of the coal, but also 
on the rate of heating and the temperature to which the 
coal is heated. Therefore, to have true comparison be- 
tween different coals as to the volatile matter, the coals 
must be subjected to the same heat treatment. The 
Bureau of Mines heats one gram of coal 7 min. in an 
electric furnace which is kept at 950 deg. C. (1742 deg. 
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F’.), which method of heating gives most uniform and 
consistent results. Fairly consistent results can be ob- 
tained by heating the coal in the flame of a No. 3 Meker 
burner, the flame being adjusted from 6 to 7 in. in 
length. This method of heating is more readily avail- 
able in the average coal laboratory. The procedure of 
determining the volatile matter is as follows: 


One gram of the powdered coal from the 4-oz. bottle 
is placed in the platinum crucible which is closed with a 
well-fitting capsule cover. The crucible is then placed 
in the adjusted flame of the Meker burner in such posi- 
tion that the bottom of the crucible is 34 in. above the 
top of the burner, and a sheet iron chimney is placed 
around the burner to prevent draft. After 7 min., the 
crucible is removed from the flame, cooled and weighed. 
The loss in weight is the volatile matter plus moisture in 
the air dried coal. The operator may make several such 
determinations to satisfy himself of the consistency of 
his results. 


AsH DETERMINATIONS 


AsH# determination is the most useful one in the proxi- 
mate analysis. The procedure of determining it is as 
follows: 

The same sample on which moisture determination 
has been made is placed in the cool muffle furnace. The 
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FIG. 2, HEAT VALUE CURVE FROM PROXIMATE ANALYSIS 


temperature is then gradually raised to about 750 deg. 
C. (1382 deg. F.). The content of the capsule is occa- 
sionally stirred until all the carbon particles have dis- 
appeared. The capsule is cooled in the desiccator, 
weighed, and placed back into the furnace. This burning 
and weighing is repeated until two successive weighings 
give the same results. The residue in the capsule may 
be considered for all practical uses as the ash in the coal. 


FIxep CARBON 


Frxep carbon is the difference between the weight of 
the residue left after the determination of the volatile 
matter and the ash. 


DETERMINATION OF HEAT VALUE FROM PROXIMATE 
ANALYSIS 


Ir HAs been proposed to reduce the heat value of a 
coal from the proximate analysis by means of a simple 
curve. The best results can be obtained from the per- 
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centage of fixed carbon in the combustible. The com- 
bustible is the coal freed from moisture and ash. 
Figure 2 shows such a curve obtained by plotting 


- about 150 coal analyses with the fixed carbon as abscissas 


and the heat value as ordinates. It is apparent, however, 
that such curves can be used only with a limited range 
of 65 to 85 per cent of fixed carbon. Within this range 
the heat value may be determined by this method with a 
possible error of 1.5 per cent. Outside of this range an 
error of 4 to 5 per cent is possible. Inasmuch as a large 
part of the steaming coals used in this country have the 
percentage of volatile matter lower than 65, such curve 
ean have only a limited usefulness. Much better results 
can be obtained from the published analyses of American 
coals. 


OsTAINING Heat VALUE OF CoAL WHEN Its ORIGIN 
Is KNOWN 


Coats coming from the same seam and the same 
locality have nearly the same heat value per pound of 
combustible. Therefore, if the origin of the coal is 
known, its heat value can be obtained from analyses on 
similar coals. All that is then necessary is the deter- 
mination of the percentage of moisture and ash of the 
coal sample, and to find the heat value for such moisture- 
and ash-free coal in the tables of analyses. The U. S. 


Bureau of Mines has published thousands of reliable 
analyses of coal from all parts of the country. These 
analyses, together with the information of the origin of 


coal, are conveniently tabulated in bulletins Nos. 22, 23, 
85 and 123 of the Bureau of Mines, which supply the 
cheapest, simplest, and perhaps the most reliable means 
of determining the heat value of a coal. They can be 
obtained either free of charge from the Bureau of Mines, 
or, in case the edition for free distribution is exhausted, 
through the Superintendent of Documents, Government 
Printing Office, Washington, D. C., at a small cost. 
Everybody interested in the composition of coal should 
possess a set of these bulletins. 

It should be remembered that only the heat value per 


pound of moisture- and ash-free coal is nearly constant; 


the heat value of the coal as received will be affected by 
the percentage of moisture and ash, which factors may 
vary over a wide range with the same coal. To obtain 
the heat value of the coal ‘‘as received’’ from the known 
value of the ‘‘moisture- and ash-free’’ coal, it is neces- 
sary to multiply the latter by the percentage of the 
moisture- and ash-free coal and divide by 100. 

When the heat value of coal as fired is known, the 
probable evaporation can be computed, if the approxi- 
mate efficiency of the boiler plant is also known. Surely 
these days the engineer or the manager of the plant 
should know what is being done in the boiler-room. In 
the average plant, 65 to 70 per cent of the heat in the 
coal is utilized in making steam, the remaining 30 to 35 
per cent is lost in various ways. Therefore to obtain 
the evaporation, the heat value of the coal as received is 
multiplied by 0.65 to 0.70, as the case may be, and the 
result is the quantity of heat that the boiler absorbs 
from each pound of coal. By dividing this quantity of 
heat by 970, the equivalent evaporation per pound of 
coal as fired is obtained. If one wishes to know the 
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actual evaporation he simply divides this equivalent 
evaporation by the factor of evaporation. 

The efficiency that can be obtained with a given coal 
in a given plant depends somewhat on the size of the 
coal, the percentage of ash and the percentage of mois- 
ture. When the coal contains a large amount of slack, 
the flow of air through the fuel bed is hindered. The 
surface of the fuel bed may fuse and form a hard crust 
which may have to be broken by a fire tool. To break 
this crust requires that the fire door or poking door be 
opened, which allows large excess of air in the furnace. 
In addition to this, the breaking of the fire may be the 
cause of excessive clinker, which must be removed by 
more frequent cleaning of fires and thus further be a 
cause of large excess of air and the resultant heat losses. 

Large percentage of ash in coal interferes with the 
proper air supply, and makes frequent cleaning of fires 
necessary, hence, the heat losses.caused by high ash are 
largely due to large excess of air. There is, also, larger 
loss of the combustible in the refuse. Because of quicker 
accumulation of ash on the grate and the consequent 
reduced flow of air through the fuel bed, the rate of com- 
bustion that can be obtained with a given draft is lower. 
While the fires are being cleaned the boiler’s steam pro- 
duction is almost suspended, so that the more frequent 
the cleanings, the oftener the boiler is kept out of opera- 
tion. Therefore high percentage of ash in coal causes a 
low capacity of boiler. 

Moisture in coal reduces the efficiency of a boiler -to 
a small extent because heat is required to evaporate the 
water in the coal. The loss due to this cause amounts to 
1 to 2 per cent for every 10 per cent moisture in coal. 


Excessive moisture may have a detrimental effect on the 


combustion of the coal, but high moisture is not nearly 
so objectionable as high ash, because the moisture does 
not accumulate in the furnace and no special effort is 
needed to remove it. 


Fusina Point or AsH 


WirTHIn reasonable limits, the quantity of ash is not 
nearly so objectionable as the clinker-forming property 
of the ash. The clinker is formed by the melting of the 
ash. Prevention of the clinker consists of keeping the 
temperature in the fuel bed below the melting point of 
the ash, or, by purchasing coals having ash with melting 
points above the temperature of the fuel bed. A large 
number of the coals mined in the United States have 
ash with a comparatively low melting point—below 2400 
deg. F. It would be rather a short sighted policy to 
attempt to exclude such coals when buying fuel for 
steaming purposes, because the coals with ash having 
high melting point could not supply the demand, and 
in many localities such coals would not be available. 
Besides the tests of the melting point of ash are rather 
difficult to make, and-the methods have not as yet been 
standardized, to make such tests reliable. Wherever the 
market is supplied with coal having ash with low fusion 
point, the furnace equipment should be so chosen and 
so operated that the fuel temperature remains low 
enough to prevent troublesome clinker. This doesn’t 
mean that the furnace must be operated with high excess 
of air. It is a known fact that in a hand-fired furnace 
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troublesome clinker can be prevented by running a light 
fire, and at the same time the lighter fire gives higher 
percentage of CO,. 


THE EFFect OF DIFFERENT ELEMENTS ON THE FORMATION 
or CLINKER 


Tue EFFecT of different elements in the ash on the 
formation of clinker is not definitely known. It can be 
said that, in a general way, a large percentage of lime, 
iron, sodium, and potassium compounds increases the 
fusibility of ash and the clinker trouble. But, even if 
the effect of these compounds were definitely known, 
such knowledge could not be used readily -because ash 
analysis is rather difficult and expensive to make. 

High sulphur is frequently blamed for clinker 
trouble, but it is doubtful whether it has anything to 
do with clinker. The sulphur usually occurs in combina- 
tion with iron, and it is very likely that it is the latter 
which is responsible for the clinker. Many coals with 
low percentage of sulphur are noted for their clinker 
trouble. 





DESICCATOR USED TO KEEP SAMPLE DRY WHILE 
COOLING BEFORE WEIGHING 


It seems that the distribution of ash in the coal mat- 
ter has even greater effect on the clinkering property 
than the chemical composition of the ash. Ash which 
is finely distributed through the coal is much more liable 
to give trouble from clinkers than ash occurring in 
definite layers that are easily distinguished from the 
coal. It would seem that such larger pieces of ash have 
a tendency to sink to the grate and thus separate them- 
selves from the incandescent coal and therefore are not 


‘exposed to high temperatures to such extent as are the 


small pieces of ash finely distributed through the mass 
of burning coal. 


Hanp PIcKING 


WHEN the supply of coal comes continuously from 
the same seam or same mine, a good idea of the quality 
as to ash of different shipments can be obtained by pick- 
ing the visible impurities, such as slate and sandstone, 
by hand and weighing them. Several wheelbarrowfuls 
representing the carload can be spread over the boiler- 
room floor or some other clean place and the visible im- 
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purities picked out. If only a small place is available 
for picking, the coal can be spread one wheelbarrowful at 
a time. The coal as well as the impurities should be 
weighed, and the percentage of the impurities deter- 
mined. Of course this method of determining the im- 
purities is applicable only to run-of-mine and coals con- 
taining a comparatively large percentage of lumps. It 
cannot be applied to coal containing much slack or fine 
screenings. Although this method gives only a relative 
measure of the quality of coal, it furnishes valuable in- 
formation to the engineer of the quality of coal ship- 
ments, and should be used whenever possible, especially 
by the small user. It may save many misunderstandings 
between the coal shipper and the user. 


EFFECT OF WASHING CoAL 


WASHING removes from the coal only the impurities 
that are loose or can be loosened by running the coal 
through a crusher. Usually all coal is run through a 
crusher before washing. The finer the coal is crushed, 
the better the separation of the impurities from the coal 
and the larger the percentage of reduction of ash by 
washing. 

The washed coal, on account of smaller percentage 
of ash, will require less frequent cleaning of fires and 
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FIG. 4. THERMO COUPLE FOR MEASURING TEMPERATURES IN 
A COAL PILE. THE CROSS AND NIPPLES FORM A 
HANDLE TO FORCE THE COUPLE INTO THE PILE 


makes possible higher boiler capacity, but the efficiency 
of the boiler is not as a rule appreciably increased. In 
hand-fired furnaces the washed coal may cause more 
clinker trouble than unwashed coal. This is probably 
due to the fact that only the large pieces of impurities 
are removed. The ash which is uniformly distributed 
through the coal remains in it, and, on account of its 
distribution, stays with the coal in the hot fire and is 
therefore more apt to melt. 


EFFECT OF WEATHERING ON COAL 


WHEN stored in air, coal deteriorates by oxidation, 
losing from 1 to 3 per cent of its heat value. The higher 
grades of coal lose less than the lower grades. When 
coal is stored under water, the loss is negligible. By far 
the largest loss occurs during the first four weeks after 
the coal has been taken out of the mine. These state- 
ments are true only if the coal does not heat in storage. 
If it heats, the loss increases rapidly, and if allowed to 
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go on will lose all of its volatile matter. Under normal 
conditions the deterioration of coal in storage is so small 
that it is not considered a serious drawback to storage of 
coal. The danger of the coal heating up and burning is 
the point to be carefully guarded. 

In some eases the weathering of the coal has a benefi- 
cial effect on the behavior of the ash in the fire. Some 
coals which gave considerable trouble from clinker when 
burned soon after they were taken out of the mine, gave 
practically no trouble after being stored in open air for 
three months. 


PRECAUTIONS IN STORING CoAL 


-Ir 1s safer to store coal that is comparatively free 
from slack. If coal contains too much slack, it is ad- 
visable to screen off the slack, store the screened coal, 
and ‘burn the slack or store it separately. This is prob- 
ably the most important precaution to avoid fire. 

Coal should be stored in as small piles as the avail- 
able space will permit. Small piles are not so apt to 
start a fire as large ones, and if the fire is started it is 
more easily extinguished in the small pile. However, 
small piles are not an absolute guarantee against fire. 

When storing coal in a pile, driving a wagon over the 
coal pile should be avoided. Heating is likely to start 
where the coal is pressed down by the wheels of the 
wagon. If there is no other way to get the coal on top 
of the pile, a trestle work should be built for the wagon 
or cart. 

All external sources of heating coal, such as steam 
pipes, furnace walls, or direct heat from the sun should 
be avoided. If possible, coal should be stored in cool 
weather. It is not advisable to build up the coal storage 
pile in layers and allow the surface of each layer to 
become heated a day or two by a hot summer sun, and 
then cover it with another layer. This heating by the 
sun may store enough heat in the coal to give trouble 
early in the fall. Last summer a considerable quantity 
of coal was stored during the steady hot August weather 
and there seem now to be more coal pile fires than usual. 
When the coal once starts burning, the best way to stop 
it is to re-handle the coal, giving it a chance to cool as it 
is shoveled into another pile. Burning coal should be 
used immediately if at all possible. Pouring water on a 
burning coal pile may check the fire for a short time but 
seldom extinguishes it. ’ 

If there is a suspicion that the coal pile is heating, 
the temperature inside the coal pile should be deter- 
mined with a thermocouple placed in a 14-in. iron pipe, 
driving the pipe to various depths in the places of the 
pile where spontaneous combustion is suspected. In 
this way the hot coal can be located and removed in 
time. : As long as the temperature stays below 150 deg. 
F. there is no immediate danger from fire. A thermo- 
couple made of copper and constantan wire will answer 
the purpose very well. The wire is inexpensive and 
couples made of it will give the temperature with suffi- 
ecient accuracy for all practical purposes. Figure 4 
shows a convenient form of such a thermocouple. A 
couple 12 ft. in length will be found sufficient for most 


-eases. A suggestion on how to calibrate and use such 


couples is given in Bureau of Mines Bulletin No. 145. 
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Boiler Room Inspection 


OssEcTS OF INSPECTION. Pornts To BE GIvEN ATTENTION. INDI- 


CATIONS OF WaAstE DurING OPERATION. 


IRST OF ALL, a dirty boiler room offers no en- 

couragement or prospect of cleaning up leaks or 

correcting operating faults; indeed, dirt is not only 
the evidence of but inefficiency itself. Let the inspection 
service clean up ‘‘things out of place’’ and an excellent 
start has been made for better things. 

There are some inspections that simply require look- 
ing at the thing or performance investigated in order to 
give an idea of its effectiveness in the direction intended, 
while others are not open to such simple and ready 
means. For the latter classes it is inevitable that con- 
trivances in the way of measuring, weighing or gaging 
must be available, and engineers who are required to 
work without at least one differential draft gage, a flue 
thermometer, ordinary platform scales and some form 
of water weighing or measuring device are indeed 
badly off. 

There are two conditions of operation which need to 
be considered separately, namely, ‘‘shut-down’’ and ‘‘in 
service’’ inspections, because what may be possible of 
investigation under one may not be so under the other. 
However, every inspection revealing defects during a 
shut-down investigation will, except for safety features, 
be indicated in one or more ways during operation, and 
vice versa. In general, shut-down inspections afford the 
only means for gaging the safety features while service 
inspections reveal the effectiveness of design and installa- 
tion faults. Also, a service inspeetion may show that a 
fault exists somewhere, while it requires a shut-down 
inspection to locate exactly where the fault lies. 


Inspections of whatever kind have for their pur- 
poses the investigation, and subsequent correction of 
faults so revealed, of distinct features of boiler room 
conditions, namely : 

I. Safety, or the certainty of the apparatus to func- 
tion without mishap. 

II. Economy, or the ability to deliver and proba- 
bility of the apparatus and its operatives delivering ade- 
quate steam return for the fuel, material and labor 
expended. 

III. Design improvement, or the revealment of de- 
fective proportions which can be changed with the cer- 
tainty that available economy of operation is favorably 
affected, thus avoiding costly experimentation. 

In explanation, it may be stated that the second divi- 
sion, ‘‘Economy,’’ is inseparably associated with 
‘“‘Capacity’’ in its general aspects, though it does not 
follow that every move toward greater economy will 
have a corresponding reflection in greater capacity. 


SAFETY 


Ir 1s customary, and not without reason, to assign 
the judgment for the safety of boilers to governmental 
authorities and private insurance companies. However, 
the operating engineer must feel he has a large responsi- 
bility in these matters even with the most favorable 
outside assistance, as can be readily understood when it 
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is realized that such outside inspections are made an- 
nually whereas serious trouble may develop in a few 
days. 

The most prolific sources of boiler failures, outside 
of gradual deterioration of metal, have to do with: 

(a) Dense scale formation on tubes, especially in the 
hottest zones. 

(b) Oily deposits on heating surfaces, most dan- 
gerous in hottest zones. 

(ec) Failure to obtain adequate feed water. 

(d) Failure of supporting structures. 

(e) Failure of pipe line equipment to operate 
properly. 

It is significant that none of these five items consti- 


‘tutes the main concern of outside inspection service. 


Remember that the boiler unit is prepared for such 
inspection by overcoming the very defects listed, some 
of them not discernible except during operation, and it 
will be seen that the best value of outside inspection 
comes from the preparation rather than the inspection 
itself, barring, of course, the matter of corrosion in- 
ternally and externally. 

Item (a) is manifestly a matter of inspection by the 
chief engineer himself (not to be delegated to a subordi- 
nate) who must see to it that all tubes are cleaned 
thoroughly. The presence of spots of scale may be the 
very thing that causes the burning and subsequent fail- 
ure of tubes. The importance of circulating tubes or 
nipples outweighs that of the heating surface tubes when 
it comes to the matter of safety.. Where bent tubes are 
met with, the obligations of the inspector to guard 
against scale are particularly important. 

When it is not necessary from the nature of the water 
to turbine tubes throughout at each shut-down in- 
spection should still be made, by removing a typical 
vertical row of handhole plates of a horizontal water 
tube boiler, selecting a different row each shut-down. 
The fact that scale has been removed from its place of 
formation is not sufficient; it must be taken out of the 
boiler structure entirely, from the mud-drum of water- 
tube boilers, bottoms of headers, ete. 

Oily deposits (item b) are the most insidious of 
trouble makers. When traces of oil are found (shown 
usually most markedly at the water line) the important 
thing is to find its source. Spare no effort in eradicating 
the oil at once. When a boiler, usually well behaved, 
develops an erratic or ‘‘jumpy’’ water level in the gage 
glass, it is time to search for oil; there is then more than 
an even chance that oil has found its way into the 
boiler. 

Boiler feed piping (item ¢) should be inspected at 
every shut-down. It pays to use brass interior feed 
piping. Exterior feed and water column piping ought 
to be connected up with crosses and tees permitting 
thorough cleaning without disconnecting. 

Boiler supports (item d) require constant watching 
if subjected to heat. If the boiler rests on brick work 
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(as on lugs) the shut-down period is the only time when 
a good job of inspection can be done; don’t run any 
chances with bulging brickwork. If supported on col- 
umns running alongside of the furnace, particularly 
within the inside walls of a battery setting, provide air 
circulation facilities along the column. This means 
places for both ingress and egress for air and a passage- 
way between; keep these air openings and passageways 
clear. The brick around the columns must be looked 
after at the fire side at least as often as shut-downs 
occur. The penalty for allowing boilers to sink is likely 
to be split pipe flanges if not worse. Fire-tube boilers 
lose their proper mud drainage by uneven settling and 
may develop leaky blowoff flanges as well. 

Item (e) means the observation of pipe line behavior 
at all times, with, preferably, the trying out of pipe 
drains, automatic valves, etc., regularly. The penalty 
for leaving these things unobserved and unserviceable 
may be serious engine trouble of the most violent kind. 

In. special instances fire-tube boilers develop exces- 
sive corrosion externally on the rear tube sheet or where 
the combustion gases enter the tubes. This is due to 
the formation of an active acid coming from the burning 
of the sulphur of the coal combining with excessive 
moisture. The moisture may come from ashpit exhaust 
steam, or wasteful use of steam in jets, or leaky flues 
right at the place of corrosion. Soot depositing on the 
sheet is baked to the metal and absorbs the acid where 
it is permitted free action. 

This trouble is minimized by soot prevention and 
removal, the avoidance of excessive moisture and im- 
provement of the combustion process so that higher tem- 
peratures are the usual condition. External inspection 
at shut-down periods rarely reveals the degree of cor- 
rosion unless progressed too far for safety; gaging the 
sheet thickness carefully when renewing tubes affords 
the best chance, for then the difference between the sheet 
thickness as corroded and at the edges of tube holes (pro- 
tected against corrosion by the tube bead) can readily 
be observed. A thick layer of baked scale lying tight 
against metal in gas of moderate temperature is one of 
the most active corrosive agents encountered in boiler 
practice. 


- Economy AND CAPACITY 

.MaIn causes for lowered economy are not many in 
number, but the number of ways in which these causes 
distribute themselves are numerous and are considered in 
detail. 


INCOMPLETE COMBUSTION BY LOSSES TO THE ASHPIT 


Sucu losses by the rejection of partially burned fuel 
are in some cases very large. The best method to pursue 
to determine them is to require the measuring of the 
refuse resulting from all the fuel burned, locating on the 
record the amount against each boiler unit or furnace; 
placing the quantity alongside of the weight which 
should result if only the ash, as given by a fuel analysis, 
were present, a comparison of these items will give fairly 
accurate information as to the amount of burnable fuel 
going to the ash heap. If it is necessary to wet down 
the ashes and depend upon measuring, the weight of a 
dry barrow of ashes will serve as a unit weight for all 
but the most accurate cases. If the weight so determined 
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runs steadily more than 25 per cent of the true ash 
content, then a search should be made for the causes. 
These are (1) faulty grates, as with broken down plain 
grates, or burned stoker bars or chain grate links; (2) 
insufficient draft in the furnace, compelling ‘‘puddling’’ 
of the fire to get air through thus making masses of 
clinker, the removal of which entails an excessive re- 
moval of good fuel; (3) coal of a character unsuited to 
the grate or stoker as, for instance, a coking coal on a 
chain grate stoker. 

This inspection service becomes onerous where many 
boilers are operated because each unit ought to be 
separately handled so as to show how each grate be- 
haves; also, different firemen will cause different losses 
and there ought to be some way to check one crew against 


another. Necessarily, the weight of fuel fired must be 


known to the same degree of accuracy as the ash weight. 
He who is earnestly striving to accomplish economy in 
fuel burning will devise ways to obtain continuous 
records; for the encouragement of the engineer who is 
forced to operate without modern weighing devices, it 
may be said that when once a weighing system is em- 
ployed those who buy the coal will see the value of 
purchasing the equipment that calls for less effort on 
the part of the operatives. 

Remedies for the first fault are obvious. When in- 
sufficient draft forces over-manipulation of the fuel bed, 
the remedies can only be found by exhaustive search for 
construction faults which are in the nature of wrong 
bridgewalls, arches, uptakes, damper areas, breechings, 
soot accumulations, baffles, air leaks and, in too many 
cases, too little chimney draft to begin with. To attempt 
to offer a single corrective would be foolish; until the 
trouble is located, the only salvation is the manipulation 
of the fire with minimum fuel bed thickness. A symp- 
tom of the trouble 1s exceedingly high furnace tempera- 
tures without corresponding high rate of combustion, a 
“‘lazy’’ gas movement from the furnace usually styled 
‘*bottled up heat.’’ hgh 

The engineer should consult the stoker manufacturer 
concerning the third class of ashpit loss, the end in view 
being the selection of the best (not necessarily the most 
expensive) size and character of fuel the market affords 
adaptable to the grate equipment. 


INCOMPLETE COMBUSTION AND GASES PARTIALLY BURNED 


To DETERMINE whether or not gases are completely 
burned, the use of a gas analysis outfit is essential but 
this does not necessarily involve complicated or expen- 
sive equipment. A few words of caution are worth 
while, as many engineers deceive themselves by proceed- 
ing on the wrong basis and then are disappointed at 
the results. First: Take fair or average samples as 
close to the origin of the gas as possible so as not to be 
upset by the air which enters the setting after the com- 
bustion process has been completed as far as it can pro- 
ceed. Be sure that the samples are taken in places where 
flame action has ceased. 

Second: Do not strive to get more than 12 per cent 
CO, with hand-fired furnaces or 14 per cent CO, with 
stoker-fired furnaces. The penalty for too high CO, may 
be, and very probably will be, incomplete combustion. 

Third: Endeavor to determine not only the CO,, but 
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the percentages of oxygen and carbon-monoxide (CO) 
also. If CO occurs frequently even to a small part of 
one per cent the loss is large. Aim to burn the fuel with 
as small a quantity of air as possible without encounter- 
ing incomplete combustion. 


INCOMPLETE COMBUSTION AND SMOKE 


A VISIBLE exhalation from the top of a stack is an 
indication that either ash or unburned carbon is passing 
into the atmosphere. The technique of smoke preven- 
tion, while simple enough in principle, is somewhat in- 
volved when all of the features are considered. Suffi- 
cient to say, if the plant runs so as to have complete 
combustion of invisible gases, the very means taken to 
bring about this result will be effective in the prevention 
of visible smoke. 


Excess Air INTRODUCED IN INCORRECT QUANTITIES AND 
Ways THROUGH THE FvEL BeEp or INTRODUCED IN 
INCORRECT QUANTITIES AND WAYS OVER THE FIRE 


Too MUCH air is just as uneconomical as too little, 
and it also happens that the former fault is the more 
prevalent. The remedies for both lie in the same place, 
namely, improved fuel bed construction combined with 
manipulation of draft in furnace. 

For instance, should it be found that the resulting 
CO, is low, say 7 per cent, then there are either holes 
in the fire, the general fuel bed is too thin, or air admis- 
sion over the fire is excessive. Uncovered grates are 
always productive of excessive air; chain grates burning 
“‘short’’ and the like are instances of special importance. 
Excess air over the fire, except during a very short 
interval immediately after firing, usually results in a 
like indication and fuel loss. 

Even with a uniform fuel bed excess air may still 
result, in which case recourse to two temporary expedi- 
ents may be taken; either the fuel bed may be increased 
in thickness or the draft may be reduced by dampering 
down. The first alternative should be tried first, but 
not to the extent of producing excessive clinker. It is 
better to operate with high furnace draft due to in- 
creased active fuel bed resistance than to reduce the 
furnace draft to overcome excess air passing through 
the furnace. The usual experience then is to produce 
more steam than needed; such a result simply confirms 


the inspection and the ultimate remedy is to reduce the _ 


amount of grate in service. Where several grates are 
employed at the same time, whole units may be dropped; 
where few or only one are used, a reduction in the size 
of each is feasible. The engineer who effects a grate 
reduction by either method is on the straight road to 
greater economy. ; 


Excess Air AppEp THROUGH SETTING CRACKS BY 
INFILTRATION 


WHEN two gas analyses made upon the same boiler 
setting, one close to the fire and the other at the boiler 
setting outlet, firing conditions remaining the same, show 
an appreciable difference in CO, percentage or oxygen 
percentage the cause must be due to one of two things 
or a combination of both, namely, the taking of non- 
representative gas samples, or air infiltration. More 
obvious and simpler means of locating leakage cracks are 
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by the use of candle flames or smoking waste, but such 
tests will give no idea of the amount of damage done to 
economy. 

Losses entailed by air leaks are truly enormous, in 
many instances being great enough to lower uptake tem- 
peratures so as to deceive the engineer into believing that 
excellent heat absorption is taking place. Aside from 
this source of loss is that of reducing the available fur- 
nace draft, possibly to the extent.where an additional 
grate must be fired in order to burn sufficient coal to 
carry the load. Places to look for such trouble are many 
and the best time to investigate is during operation, 
after all boiler and setting parts have reached their 
greatest expansions. The principal ones are: 

(a) General brick walls. Cover these with any one 
of the many air-leak preventives after calking the largest 
cracks with asbestos rope or wicking soaked in the same 
preparation. 

(b) Hollow staybolts of water-tube boilers. Plug 
them up. 

(c) Where metal side cleaning door frames of water- 
tube boilers join with brickwork. 

(d) Around and between water-tube boiler headers. 

(e) Between back arches and rear tube sheets of fire- 
tube boilers. 

(f) Along the sides of return tubular boilers where 
the brickwork meets the shell. 

(g) Around drums projecting through brickwork as 
with water-tube boilers. 

(h) Around cleanout doors, inspection doors, soot 
blower access pipe openings, blowoff piping. 

The gains obtained by correcting setting air leaks are 
indicated by the changes shown in either better gas 
analyses at the boiler outlets, higher uptake tempera- 
tures or less draft losses within the settings. 

Necessarily, where piping passes through masonry 
walls, the material used to stop up the cracks should be 
pliable; mineral wool or asbestos in its several forms 
offers a variety of choices; the main thing is to stop the 
leak without subjecting any pressure part to injurious 
stresses. 


Dirty HEATING SURFACE ON THE INTERIOR OR 
WATER SIDE 


Unpver this head some discussion has already been 
offered on the subject of safety. 

Gradual building up of uptake temperatures with- 
out corresponding other causes is a quite reliable index 
of growing scale thickness. Losses due to scale are in 
exact proportion to such temperature increases, other 
things remaining the same. In the case of scale, economy 
and capacity travel in like directions, that which im- 
proves one having a good effect on the other. 


Dirty Exterior Heat:neG Surrace From Soor, Etc. 


Soor is a far better insulator against heat transmis- 
sion than a corresponding thickness of scale, besides of- 
fering in many places an excellent medium for the 
absorption of corrosive acids. The only answer is that 
soot is needless and its removal is imperative if any 
degree of economy is to be gained. 

Shut-down inspection ought to be religiously em- 
ployed to discover soot deposits. It is particularly at 
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these times that the daily soot blowing effect can be 
studied as by finding large accumulations driven into, 
or at least not dislodged from boiler spaces by steam jet 
blowers. 

Service inspections are really of three kinds directed 
to the same end. The first is to see to it that the blowing 
is done thoroughly by actual observation of the labor, 
not depending upon the report of the helpers to that 
effect. It should be required to be done not only at 
some time during low capacity operation, but most par- 
ticularly when the general temperatures are highest as 
during high capacity. A good time is right after the 
noon shut-down whistle blows, thus giving at least one 
useful outlet for excess steam pressure when the power 
load goes off. 

Occasional extra soot blowing not at predetermined 
times, noting the fall of uptake temperature, constitutes 
a second check. If the temperature reduction is appre- 
ciable, it is ample evidence that either the previous blow- 
ing was not well done or the blowings are too far apart. 

A third method is to watch the record of a recording 
uptake thermometer; if such is not available, the same 
result to a less extent can be gained by means of an 
indicating instrument frequently read. 

It is not extraordinary to encounter a reduction of 
75 deg. F. due to blowing soot from tubes. An appre- 
ciable increase in economy will result where the removal 
of soot effects such a reduction. By any and every 
means give the laborers decent soot-blowing equipment 
to work with, as no good man will stay with an ineffi- 
cient blowing outfit ‘any longer than it takes to get em- 
ployment elsewhere. Soot accumulation is another one 
of the causes for a gradual increase of setting-draft 


loss. 
Sream LEAKS 


Aut leaks betray their presence by the noise they 
make. 

Blowoff cocks and valves are a prolific source of steam 
leaks. Feel them an hour after blowing down and if 
they are hot, a leak exists. Also watch the drip and 
the rising vapor coming from the end of the blowoff line. 
Steam traps that fail to ‘‘trap’’ are worse than cracked 
valves; it is not difficult to find out whether they work. 
Traps are among the neglected equipment around a 
steam plant that is usually hidden away where it is not 
nursed as it should be; inspect them every watch, and 
fix them if they go wrong. 

Where leaks occur at faulty calked joints or seams of 
boilers and at poorly rolled tube ends, they are revealed 
by the noise of escaping steam and water. A noise of this 
kind justifies an immediate shut-down, as costly damage 
may result to the boiler sheets from the cutting action of 
the steam jet. Similar faults occurring under thick in- 
sulation show up by producing a mushy patch near the 
leaky place. 

EXcESSIVE RADIATION 


Wuere heat is to be kept either in or out, insulation 
in some form pays. It is not necessary to insulate steam 
lines used only during short periods at intervals several 
hours apart, provided the control valve is close to the 
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steam supply; branch lines serving soot-blower elements 
are cases in point. , ° 

Boiler heads ought to be well covered and later 
looked after to see that the application is not loosened; 
a loose insulation allowing vertical travel of heated air 
(a chimney so to speak) is worse than no insulation at 
all. 

Coverings for brick setting pay, more because they 
form an air-infiltration preventive than because of the 
prevention of heat radiation, but the combined ad- 
vantages, if the work is well done, usually result in good 
interest on the investment. It doesn’t follow, however, 
that expensively lined sheet steel coverings are the best 


‘way to overcome heat radiation; they sometimes cover 


up or hide from view serious air leakage cracks. It is 
the inside wall that performs the biggest part of the 
business of holding in the heat and preventing the air 
from seeping into the setting. Inspection simply means 
that these things must be looked after whenever faults 
oceur. 

GRADUAL DETERIORATION 


TEMPERATURE readings at boiler uptakes showing un- 
accountable increases may be understood when a shut- 
down inspection reveals the displacement of baffles, thus 
allowing a short-circuit for the gases on their way to the 
breeching. Such cases occur frequently especially where 
tube baffles are supposed to meet brick wall constructions. 
Draft readings indicate the same faults, and often it is 
possible to see the gases carrying sparks going in direc- 
tioris not intended. Baffles are often displaced by the 
spring of sootblower elements rearing back on account of 
the reaction set up at the blower nozzles. 

Where brickwork in furnaces fails after giving a 
good term of service there is nothing to do but replace 
it. There are, however, cases where arches come down 
without any particular reason and when replaced repeat 
the performance. In such cases an inspection of the 
brickwork holding the skewbacks in place had better be 
made; in addition, rigid supporting irons in line with 
the skewback thrust should be installed. The failure is 
really due to the insecure masonry holding the skew in 
place rather than to poor workmanship and material in 
the arch itself. 


DEsIGN IMPROVEMENT 


Remarks that go before are tantamount to saying, 
learn by constant investigation the possibilities of your 
furnace-boilers as units, noting the effects of this or that 
operating method, not by the insecure evidence of short 
boiler trials, but by the solid unmistakable evidence of 
continuous records of coal consumption supported by 
routine and special gas, draft and temperature records. 
It is presumed that the enthusiasm awakened by the 
good, effects of routine changes such as effective soot 
blowing and stopping of leaks of all kinds will urge 
more ambitious reformations. 

Common experience of extended study in boiler 
rooms is to find that draft is inadequate in the fur- 
naces, grate areas are out of proportion to steam de- 
mands, labor for handling coal and ashes is too costly, 
the kind of stoking equipment is unadapted to the most 
available coal size or quality, or a combination of some 
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of these puts the plant in an unresponsive condition re- 
specting changes of load. Now comes the time when 
draft analyses include a study of all items entering into 
its production in the furnaces. 

Absolutely no rule is possible to state except that the 
plotting of draft data, thus giving a gradient of the en- 
tire system starting at the chimney extending to the fur- 
naces, is essential. From such a plotting, the relative 
effects of this or that change of shape or size of opening, 
the effect of breeching insulation, the enlargement of 
damper openings, the easing of breeching turns and 
similar things can be considered. Places to look for the 
most serious draft deficiencies are: 

1. Draft creator or chimney not high enough. 

2. Too sharp a turn of breeching into the chimney. 

3. A bad change of shape where breeching and chim- 
ney meet. 

4, Breeching admits air or radiates too much heat. 

5. Breeching, if underground, evaporates water 
seepage or is continually wet. 

6. Dampers of boiler outlets stand in the way of on- 
coming gases. 

7. Damper openings are too small or badly shaped. 

8. Gases from different boilers meet head on. 

9. Breeching damper, without any function, stands 
in the way. 

10. Breeching has sharp turns or is made with one 
dimension in section much larger than the other. 

11. Damper openings not as wide as the settings. 
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12. Circulating tubes of boilers stand in front of 
damper openings. 

13. Damper plates placed so that no position per- 
mits full opening. 

Soot and air seepage in settings. 

Superheater elements fill up passes too much. 
Boiler baffles incorrectly located. 

Furnace brickwork too restricted. 
Bridgewalls too high. 

19. Back arches of fire tube boiler settings too near 
tube sheets. 

20. Air inlets to ashpits too small. 

. 21. Air cannot enter boiler room. 
winter. ) 

The question of grate area is so involved with avail- 
able draft, the character of grate equipment, furnace con- 
struction and the permissible rates at which units may 
or ought to be operated that it is futile to try to lay 
down universal rules. Before coming to conclusions it 
is, however, necessary to be sure that the air spaces are 
free and that the parts are intact in whatever grate is 
considered. Of course, when sizing up draft matters the 
grates ought to be in normal condition or the draft read- 
ings will be distorted. Whether any extensive investiga- 
tions are made or not, there is no excuse for neglecting 
the grate equipment. 

Finally, the engineer who confines his inspection 
work to his own plant is denying himself some of the 
best information available. He should make a practice 
of calling upon his brothers in the same line of endeavor 
and profit by their experiences. 


(Frequent in 


Keeping Track of Boiler Performance 
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Five Gas, Working Data Intro Usasie Form. 


HE VITAL problem confronting the operating en- 

gineer of today is how to keep track of what his 

boilers are doing and to maintain them at all times 
at their best efficiency. — 

In order to know what his boilers are doing, the engi- 
neer must know, first, how much coal they are consum- 
ing in any given period of time and, second, how much 
water is evaporated into steam at boiler pressure by 
the heat produced by burning this given amount of coal. 

There are numerous ways of ascertaining the amount 
of coal used and I will simply suggest a few from which 
each reader may choose the method best suited to his 
individual conditions. 

1. For large, well equipped plants, automatic weigh- 
ing chutes or hoppers are generally used. These vary 
in type and style and are quite accurate. There are a 
number of good makes on the market today to select 
from. 

2. Some plants use charging cars. These cars are 
loaded outside the boiler room and are pushed onto large 
platform scales. The net weight of coal in the car is 
recorded and the coal is then left in the car; the car 
pushed into the boiler room, and the fireman shovels 


directly from the car to the boiler until the car is empty, | 


when it is switched out for reloading. Sometimes a type- 
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registering beam is used on the scale. This obviates the 
errors and difficulties with regard to the inability of the 
coal handlers to read and write, as the weights are 
printed upon tickets and the tickets dropped into a box 
at each weighing. Different colored tickets may be used 
to differentiate between hard and soft coal in plants 
where a mixture is used. 

3. This method is exactly like the second except that 
wheelbarrows are used in place of cars and the coal is 
dumped on the boiler room floor. 

4. This method or a modification of it is the poorest 
of all and is in use in most all plants today. Coal is 
brought into the boiler room in wheelbarrow or tip cart 
loads and dumped on the floor. Once a day, week or 
month one or more loads are weighed. Then the number 
of loads per shift multiplied by this standard weight 
is supposed to be the coal used on that shift. Anyone 
of ordinary intelligence may readily see where large 
errors are probable, so I will not dwell upon this item. 

5. The inventory method. This method may be 
used in combination with any of the others for obtaining 
a check upon them and may be used to obtain the weekly, 
monthly or yearly coal consumption. The entire quan- 
tity of coal on hand at the plant is measured on the first 
day of any month. This measurement should be made 








in cubic feet. Reduce this measurement to tons. As 
the volume and weight of coal varies for different local- 
ities, I will simply state that 43 cu. ft. of bituminous 
coal per long ton is an average figure. Experimental 
weighing of a box of coal holding just one cubic foot 
will determine this figure for any coal and it should be 
. checked up periodically: On the first day of the next 
month a similar estimate of coal on hand should be made 
and be reduced to tons. Then the amount on hand 
at the first measurement plus the amount received be- 
tween the two measurements (this will be accurate, as 
it is the figure upon which the coal is paid for) and less 
the amount on hand at the second measurement will 
equal the amount consumed between the two measure- 
ments. An error in measurement one way or the other 
will be offset by errors in subsequent measurements and 
thus large cumulative errors cannot occur as in the case 
of the wheelbarrow method. 

Very little choice can be given for measuring the 
water fed to the boilers over any considerable period of 
time, as it is practically up to the reader to choose for 
himself between the merits of the numerous hot water 
meters now upon the market, measuring by meter being 
the only practical way to do this. 


Rate of combustion, or pounds of coal. burned per 
square foot of grate per hour may easily be calculated 
at any time by dividing the pounds of coal burned dur- 
ing any period of time by the entire grate surface in use 
multiplied by the period of time in hours. In general, 
it may be stated that a small grate surface and a high 
rate of combustion are desirable. However, variable 
conditions in regard to coal, draft, ete., influence these 
items so much that it is impossible to make any set rule 
for all plants. Good practice, with natural draft, for 
obtaining the best efficiency, is about 13 lb. of anthracite 
coal burned per square foot of grate surface per hour 
and 24 lb. of bituminous. These rates may be very 
greatly increased by the application of forced draft if 
necessary. 

Evaporation per pound of coal is the true measure 
of a boiler’s performance and will indicate whether a 
boiler is doing good work or not. This figure is ob- 
tained by dividing the pounds of water fed to the boiler 
by the pounds of coal burned under the boiler during 
the same period of time. As feed water temperatures, 
ete., vary in different plants, it is customary for pur- 
poses of comparison to refer all measures of evaporation 
to a standard called ‘‘Equivalent Evaporation.’’ This 
means the evaporation of a certain quantity of water 
from and at 212 deg. F. into steam at atmospheric pres- 
sure. Given the actual pounds of water fed to a boiler, 
the temperature of the feed water, and the steam pres- 
sure, the equivalent vaporation may be found by multi- 
plying the pounds of feed water by a factor called the 
factor of evaporation. This factor may be found in 
tables in a number of standard handbooks, under the 
corresponding feed water temperature and steam pres- 
sure. There is an exact method for calculating the fac- 
tor of evaporation, but the foregoing method is good 
enough for all practical purposes. The equivalent evap- 
oration, divided by the pounds of coal burned, may then 
be compared with the results of standard practice. It 
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is generally conceded that an equivalent evaporation per 
pound of coal fired, of froth 8 to 12 lb. constitutes aver- 
age continuous practice in ordinary plants. With coal 
averaging 14,500 to 15,000 B.t.u. as received and a com- 
bined boiler and furnace efficiency of 75 per cent, an 
evaporation of between 11 and 12 lb. would be expected, 
while coal having only 12,000 B.t.u. and a boiler and 
furnace efficiency of 65 per cent would produce an 
evaporation of about 8 lb.. Much depends upon the effi- 
ciency of the operating force, the equipment, draft, type 
of boiler, load factor, ete. 


The importance of draft gage readings does not seem 
to be fully appreciated at the present time in most 
plants. This is probably due to the fact that there are 
a great many variables which govern the draft; such 
as thickness of fuel bed, height of chimney, grade of 
coal, climatic conditions, etc. It is assumed that my 
readers are already familiar with the ordinary methods 
of measuring draft by means of the U tube. Ordinarily 
draft gage readings are taken in the ash-pit, over the 
fire, in the breeching, and perhaps at the base of the 
chimney. Of all these points, the draft over the fire is 
the most important as it is generally true, that with a 
good grade of bituminous coal a draft of at least 0.25 in. 
(inches of water) is necessary if 100 per cent rating is 
to be obtained from ‘the boiler with natural draft. As 
stated previously, draft is dependent among other things 
upon the rate of combustion, and experiments have been 
made which indicate that the draft at the fuel bed 
varies from 0.07 in. for a combustion rate of 10 lb. of 
coal per square foot of grate surface per hour with run 
of mine of coal per square foot of grate surface per 
hour with run of mine bituminous coal to 1.37 in. for 
a combustion rate of 50 lb. with semi-bituminous slack. 
The full results of the experiments referred to have 
been printed in tabular form and are available in the 
handbooks. Draft readings in the breeching and at the 
stack are valuable to indicate the draft losses in the 
boiler and flue. The United States government, in a 
series of tests, has demonstrated that if the fuel bed is 
doubled in thickness, in order to force the same weight 
of. gas through it, the pressure drop through the fuel 
bed must be doubled. Similarly, to quadruple the thick- 
ness of the fuel bed, makes it necessary to quadruple 
the pressure drop. This same law also applies to either 
increasing or decreasing the cross sectional area of the 
gas passages throughout the boiler. This law is impor- 
tant on account of the fact that it governs combustion 
rates, changes in the baffling and other interior changes 
in the boiler. 


Differential draft gages are instruments so construct- 
ed that the pressure drop between any two points in 
the boiler may be readily measured. For instance, one 
side of the instrument is connected to the ash-pit and 
the other side to the space over the fire. The reading 
of the instrument gives the total pressure drop through 
the fuel bed. To illustrate: Suppose a boiler steaming 
at 100 per cent rating has a total pressure drop of 2 in. 
and requires a fuel bed thickness of 10 in. for its opera- 
tion. Suppose the differential draft gage readings show 
a pressure drop of 1.2 in. through the fuel bed and 0.8 
in. pressure drop through the remainder of the boiler. 
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For some reason, it becomes necessary to force this boiler 
to 150 per cent rating. This will mean roughly to in- 
crease the rate of combustion and consequently the 
weight of gases passing through the boiler by 50 per 
cent. To accomplish this result, the resistance to the flow 
of the gases through the boiler must be lessened some- 
where, or the total pressure drop must be increased. 
Changes in the bafflling or setting would be inadvisable. 
Therefore the only way is to reduce the thickness of the 
fuel bed. A pressure drop, above the fuel bed, 50 per- 
cent greater will be required. Therefore this must be 
made (1.50X.8)=1.2 in. If the total available pressure 
drop is only 2 in., this will leave only 0.8 in. for the 
pressure drop through the fuel bed. Therefore the fuel 


10x.8 
=24.44 in. 
1.21.50 

This of course would mean very frequent firing and 
holes in the fire would quickly develop. Therefore in 
actual practice the pressure drop would probably be 
increased through the application of some form of forced 
or induced draft. The foregoing rule holds true at 
constant temperatures and a use of this rule will indi- 
cate the approximate result to be expected from any 
change in fuel bed thickness, baffling, ete. In recent 
years balanced draft systems have become quite popular. 
The general equipment of such systems consists of a 
blower, the speed of which is automatically regulated so 
that the draft over the fire is maintained at about atmos- 
pherie pressure at all times. The following advantages 
are derived: (1) The velocity of the gases through the 
boiler is reduced thereby allowing time for more com- 
plete combustion and for better absorption of the heat 
of the gases by the heating surfaces of the boiler. (2) 
Infiltration of air through the setting and short circuits 
in the baffling are eliminated due to the balanced pres- 
sures. (3) Load fluctuations are readily taken care of. 
(4) The correct proportion of air to fuel is more easily 
maintained. This element is of considerable importance 
as will be shown in the succeeding paragraphs which 
take up the question of flue gas analysis. 

Hand in hand with draft gages come CO, (carbon 
dioxide) indicators. There are three distinct types of 
these machines on the market. The continuous CO, 
machine which automatically and continuously analyzes 
and records the per cent of CO,, only, in the flue gases. 
The hand apparatus or Orsat with which it is possible 
to obtain the percent of CO,, O (oxygen) and CO (ear- 
bon monoxide) in the flue gases at any time and point. 
The small hand machine with which it is possible to ob- 
tain the per cent of CO.,, only, in the flue gases at any 
time and point. There are numerous treatises on the care 
and operation of these machines and the methods of ob- 
taining samples of gas for analysis and the reader is 
respectfully referred to them as lack of space prevents 
me from going into these details. My personal pref- 
erence is for the Orsat as it gives a more complete analy- 
sis of the gases; can draw gas samples from different 
boilers and from different points in the same boiler; 
the chances for air leaks in the apparatus are less, and 
they are less complicated. A CO, recorder kept in con- 
tinuous operation is of great value for comparing the 


bed thickness must be reduced to 
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work of different firemen and detecting poor firing 
methods. 

The next question is, ‘‘ What do the results of flue gas 
analyses indicate?’’ For practical purposes, the com- 
bustible of coal is chiefly carbon and hydrogen. When 
these two components burn, they unite with the oxygen 
of the air to produce CO, (carbon dioxide) and water 
vapor. It has been estimated that to obtain complete 
combustion of the carbon in coal about 40 per cent of 
excess air must be supplied over the theoretical amount 
needed. Incomplete combustion of the carbon in the 
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FIG. 1. RELATION OF FLUE GAS ANALYSIS TO TEMPERATURE 
IN REAR COMBUSTION CHAMBER 


coal produces carbon monoxide (CO). We therefore 
analyze for CO,, O and CO as these three gases indicate 
the true process of combustion of coal. Ordinarily the 
percentage of CO in a sample of flue gas is very small 
and the higher the CO, the lower the O and vice versa. 
Good results for CO, range from 10 to 15 per cent in 
a given sample of flue gas and results above or below 
these figures indicate trouble somewhere as a general 
thing. Below 10 per cent usually indicates too great a 
supply of excess air, holes in the fire, leaky settings, or 
trouble in the Orsat itself. Above 15 per cent usually in- 
dicates a deficiency of air, and is generally accompanied 





by a rise in the per cent of CO which means incomplete 
combustion. 

By analyzing samples of gas taken from various 
points in the gas passages, we may keep tab on the 
progress of combustion throughout the boiler. As com- 
plete combustion produces the highest temperature, most 
of our attention should be concentrated on the rear com- 
bustion chamber, as it is here that we want the highest 
temperature or just before the gases come in contact 
with the heating surfaces of the boiler. The two curves 
shown herewith are self-explanatory. They were ob- 
tained from a report of the United States Bureau of 
Mines which covers the results of about 500 tests made 
some years ago. Gas samples were taken from the rear 
combustion chambers. It will be noted in Fig. 1 that a 
high percent of CO, produces a high temperature in the 
rear combustion chamber but that the per cent of CO 
also rises sharply, indicating a sharp rise in incomplete 
combustion. Therefore it is apparent that there is a 
minimum value beyond which it does not pay to reduce 
the air supply. It will also be noted that the curve of 
totals at the top of Fig. 1 decreases with an increase in 
the per cent of CO,. This drop may be due to the pres- 
ence of hydrogen and hydrocarbons, but its reason is 
not generally understood at present. I may say that 
the results of my own work in different plants conforms 
very closely to the curves in these figures, although my 
totals of CO., CO and O have generally run somewhat 
higher than the total curve in Fig. 1. 

There is another source of loss in boiler operation 
which can be easily detected by the engineer. I refer 
to the per cent of combustible left in the ashes. A care- 
ful inspection of the ash pile, after the fires are cleaned, 
will often disclose a considerable quantity of coke in the 
ashes. This is the result of careless cleaning or broken 
grates. The ashes should be sampled occasionally by 
the quartering method (as applied to coal sampling) 
and an analysis of these samples by a competent chemist 
will disclose the percentage of loss through combustible 
left in the ashes. This point should be carefully watched 
and the loss kept at a minimum at all times. 


The engineer should take the temperature of the 
gases, leaving the boiler frequently. In fact, a recording 
thermometer in the main flue will prove to be a paying 
investment for this purpose. In a perfect boiler the 
temperature of the gases leaving the boiler would never 
be more than a few degrees higher than the temperature 
of the steam at ‘boiler pressure. Unfortunately, there 
is no such thing as a perfect boiler and we therefore 
estimate that a flue gas temperature about 100 deg. 
higher than that of the steam at boiler pressure is un- 
avoidable. If the engineer finds that this temperature 
is 200 to 300 deg. higher than the steam temperature, 
he may be fairly certain that it is caused by one of three 
things: 1. Forcing the boiler very hard and conse- 
quently raising the velocity of the gases through the 
boiler to a high rate. 2. Slow or incomplete combustion 
in the furnace. That is, combustion is still going on 
after the gases leave the boiler. 3. There are short cir- 
cuits in the gas passages or baffling in the boiler. 

In any ease, excessive flue gas temperatures indicate 
a decided loss and the cause should be ascertained and 
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remedied at once if possible. Where limited capacity 
makes forcing the boiler necessary, a part of this loss can 
be prevented by the installation of a suitable feed water 
economizer, so that the heat in the flue gases will be im- 
parted to the feed water instead of being lost up the 
stack. 

In the course of this article I have several times re- 
ferred to ‘‘Boiler Efficiency’’ and I will now try to 
define it briefly: 

Efficiency of boiler and grate equals heat absorbed by 
boiler per pound coal as fire divided by calorific value 
of one pound of coal as fire. 

I have already shown, earlier in this article, how to 
obtain the equivalent evaporation per pound of coal as 
fired. Then the equivalent evaporation, multiplied by 
the familiar factor 970.4, represents the heat absorbed 
by the boiler per pound of coal as fired. An analysis 
of the coal will give the B.t.u. per pound of coal as re- 
ceived and this represents the calorific value of one 
pound of coal as fired. Substitute in the formula above 
and the result is the boiler and grate efficiency. Ex- 
ample: : 

Water fed to boiler 86,000 Ib. 

Coal actually fired 10,000 Ib. 

Feed water temperature 161.8 deg. F. 

Steam pressure (gage) 151.0 lb. 

Barometer 28.5 in. mereury. 

Quality of steam (assumed) 98 per cent. 

B.t.u. per pound of coal as received 11,250. 

86,000 
= 8.60. 
10,000 

Factor of evaporation (from tables) = 1.08. 

Equivalent evaporation per pound of coal as fired 
8.601.08 = 9.288. 

Heat absorbed by the boiler per pound of coal as 
fired (9.288970.4) = 9.013 B.t.u. 

9.013 


Actual evaporation = 


xX 100 = 80.11 





Efficiency of boiler and grate 
11,250 
per cent. 

The builder of a boiler usually furnishes an efficiency 
curve showing the efficiencies to be expected from the 
boiler under various conditions. Let the engineer figure 
out the efficiency of the boiler and grate as often as pos- 
sible and plot a curve under similar conditions to that 
of the curve supplied by the boiler builder. If the 
builder’s curve is better than that obtained by the engi- 
neer, something is generally wrong somewhere. It may 
be that the builder’s curve applies to the boiler alone. 
In this case the engineer can get a similar figure for the 
boiler by using the formula: 

Efficiency of boiler alone equals heat absorbed by 
the boiler per pound of combustible burned on the grate 
divided by calorific Value of one pound of combustible 
as fired. 

This formula is worked exactly like the preceding 
one except that the per cent of combustible in the coal 
must be obtained from the analysis and the value 
‘*nounds of coal as fired’’ modified by this percentage. 

Efficiency of grate alone equals efficiency of boiler 
and grade divided by efficiency of boiler alone. 
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It would be well to figure the efficiency of the grate 
alone and see that this is up to the proper standard. 

If the engineer is still unable to locate a reason for 
low efficiency, he can then figure out a complete heat 
balance for the boiler, an intelligent study of which is 
almost certain to locate the trouble, and he can then 
“go to it.”’ 

Having obtained a complete heat balance, all the 
conditions of the operation of the boiler are thereby 
brought out and its case may be studied as carefully as 
a doctor studies the symptoms of a sick person. After 
all, when you stop to think of it, the operation of a boiler 
is very much like the ordinary working of human life, 
and a good doctor does not give medicine until he knows 
where the trouble is and has some idea at least of its 
cause. Then he combats the disease with every known 
aid at his command. In ease of doubt, he calls in the 
expert. A boiler eats and drinks just the same as a 
person does and it has to have these things administered 
to it in the proper way if it is to do good work. 

I consider the heat balance of so much importance 
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in keeping track of boiler performance that I have 
deemed it fitting to conclude this article with a simple 
method for working out a heat balance for a boiler, 
together with a practical example of its use. Of course 
all plants have not the facilities for obtaining all the 
information necessary for working out a complete heat 
balance, but by assuming a few quantities such as barom- 
ter, quality and, if necessary, getting the ultimate coal 
analysis by averaging some of the government analyses 
of coal similar to that in use at the plant, a rough idea 
of the efficiency of- the boiler and grate wad be obtained, 
and this will be worth while. 


Heat BALANCE FOR A BOILER 


Item and symbol— Btu. % $ 
Heat absorbed by the boiler 

Dry flue gas loss 

Unburned carbon loss 

Loss from moisture in coal 

Loss from burning hydrogen 

Radiation and unaccounted for 


B.t.u. com. and coal bill 
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Heat Bauance Data 


Total coal pounds, B 

Total water pounds, J. 

Average CO,, G. 

Average stack temperature, T'. 

Actual evaporation, J/B. 

Average steam pressure gage, P. 

Average feed water temperature, F. 

B.t.u. in one pound of steam at P + barometer and 
at F, D. 

Ash commereial, A. 

Unburned carbon, Y. 

Moisture, M (in coal). 

Total carbon in the coal, C. 

Hydrogen in the coal, H. 

Nitrogen in the coal, N. 

Total dry products of combustion per pound of 
coal, W. 

Temperature of the air entering the furnace, t. 


INSTRUCTIONS FOR FIGURING THE HEAT BALANCE 


= J/BxXD 
= W X 0.237 (T — 70) 
145XAXY 





100 — Y 
M 
(1182.4 —t) + 0.46 (T — 212) 


H 
L, = 9X (1182.4— t) + 0.46 (T — 212) 
100 
L, = B.t.u. commercial (E + L, + L,+ L, + L,). 

Practical example worked out. 

B—480,000 Ib. Y—18.67 per cent. 
J—4,290,000 Ib. i} 

G—10 per cent. C—78.76 per cent. 
T—570 deg. F. H—4.47 per cent. 
P—125.0 lb. gage. N—1.35 per cent. 
F—192.8 deg. F. t—70 deg. F. 

A—7.21 per cent. B.t.u. commercial—14,148. 

Barometer—14.7 lb. per sq. in. 

Three things must be computed—J/B, D, and W. 
4,290,000 
————— = 8.94 lb. of water per Ib. of coal. 
480,000 

To compute D, it is necessary to express P in terms 
of absolute pressure: P + 14.7—125.0+ 14.7 =139.7 
lb. per sq. in. absolute. F==192.8 deg. F. _ 

Turn to steam tables and find ‘‘ Total Heat of Steam’’ 
corresponding to a pressure of 139.7 lb. Answer— 
1192.2 B.t.u. 

Turn to steam tables and find ‘‘Heat of the Liquid”’ 
corresponding to a temperature of 192.8 deg. F. 
Answer—160.7 B.t.u. 

Then D~1192.2 — 160.7 = 1031.5 B.t.u. In this 
example we have considered the quality of the steam to 
be 100 deg. 

If it had been 98 per cent we would have multiplied 
the ‘‘Total Heat of Steam’’ by 98 per cent before sub- 
tracting the ‘‘Heat of Liquid.’’ 


J/B= 
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C 243.6 >< C 78.76 243.6 78.76 
eames demampemieaenits taneeemanatiennd 
100 G X 100 100 10 X 100 
.7876 -+- 19.18 = 19.97. 
E= 8.94 X 1031.5 = 9224 B.t.u. 
L, =19.97 < 0.237 (570 — 70) = sal 
145 X 7.21 X 18.67 





L, = 
100 — 18.67 
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L, = 0.360 (1182.4— 70) + 0.46 
(570 — 212) 

L,=9 X 0.447 (1182.4— 70) + 0.46 
(570 — 212) 

L, = 14,148 — (9224 + 2367 + 240 + 


14,148 B.t.u. 

If the reader wishes to see what these figures are in 
per cent, divide each one of the B.t.u.’s by 14,148. The 
total of the per cents obtained this way should equal 100. 


Boiler Equipment 


Rigur Provision ror Borer Freepinc, Browne Down, 
AND ENsuRING SAFE OPERATION. By Martin O’ConNoR 


AFE, CONTINUOUS and efficient operation of the 
boiler plant depends to a considerable extent upon 
the selection, arrangement and care of the numerous 

fittings and auxiliaries connected to the boiler. The 
object of this article will be to give the engineer a few 
suggestions along the above lines. 


Freep WATER SUPPLY 


Freep water pipe to the’boiler should be fitted with a 
valve as close to the boiler as possible and between this 
valve and the pump a check valve. Where several boil- 


COMBINATION SURFACE AND BOTTOM BLOWOFF 
WHICH MAY BE USED AS A CIRCULATING PIPE 


Fig. 1. 


ers are supplied from the same feed line, a valve should 
be provided on each side of the check. 

The pipe should enter the boiler through a substantial 
flange in order to allow the proper number of threads, 
at least 4 for 1 and 114-in. piping, 5 for 114 and 2-in. 
and 7 for 214 to 4-in. 

As a general rule, feed water should be discharged 
into a boiler where it is least liable to come in contact 
with surfaces exposed to the direct heat of the fire or 
deposit scale where it may be difficult to remove. The 
pipe should if possible extend for some distance after 
entering the boiler to allow the water to come nearly to 
the same temperature as the water in the boiler. A 
good arrangement for a tubular boiler is for the feed 


pipe to enter through the front head above the tubes and. 


extend to within 3 ft. of the rear head and discharge 
below the water line. 


Feed should be as continuous as possible while the 
boiler is in operation and proportional to the load so 
as to maintain a steady water line. Several good feed 
water regulators are on the market which will maintain 
an almost uniform water line under all variations of 
load. Regulators are divided into two general types: 
the float type in which the float, either operates a small 
pilot valve which in turn operates a diaphragm feed 
control valve, or the float may operate the control valve 
directly by a system of levers. The other, known as the 
expansion type, has an expansion device arranged to be 
affected by the height of the water and operate either a 
pilot valve and control valve as in the float type or a 
control valve direct by means of levers. Some regulators 
are combined with a high and low water alarm column, 
which makes a neat and compact arrangement but has 
the objection that any disarrangement of the float may 
render inoperative the low water alarm and also the 
regulator. 

Where several boilers are fed by the same pump, a 
pump governor is essential to maintain the proper pres- 
sure in the feed line. Governors are of two types, one 
which maintains a constant pressure in the feed line 
regardless of the boiler pressure, and the excess pressure 
governor which, by means of differential diaphragms, 
carries the pressure in the feed line a certain predeter- 
mined amount above the boiler pressure. 

All valves and fittings used on boilers, whether for 
steam or water, should be extra heavy if boiler pressure 
is to exceed 125 Ib. 


BLOWOFF 


Bioworr pipe should be located at the lowest pos- 
sible point of the water space in the boiler so as to re- 
move all sediment possible by blowing off daily, or 
oftener if bad water is used. In large horizontal water- 
tube boilers two or more blowoff pipes are provided in 
the rear water leg or drum, as it is found that the sedi- 
ment will flow but a short distance to the outlet when 
blowing off. 

Where pipe is exposed to the heat of furnace gases, 
as in return tubular boiler settings, it should be protected 
by a fire brick pier built in front of the pipe or a re- 
movable sectional covering should be used. Where pipe 
is earried through setting wall, it should be surrounded 
by a section of larger pipe arranged to prevent any 
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strain on the blowoff by settling of the wall. The an- 
nular space between the pipes can be packed with as- 
bestos rope to prevent the entrance of air. 

Size of blowoff is limited by boiler rules in most 
states to 214 in. All high-pressure boilers should have 
two valves in each blowoff leading from the boiler or a 
cock and valve, the cock to be placed next to the boiler. 
When blowing down, the cock or valve next the boiler is 
first opened wide, and closed last when through blowing 
‘off. This method brings all the wear on the outside 
valve which can be repaired while the boiler is in service. 
When the boiler is cleaned the cock should be taken apart 
and cleaned and a light application of oil and graphite 
will allow it to be turned easily. 

Where more than one boiler is connected to the same 
blowoff line, many large boiler users provide a check 
valve between the valves and the line to prevent hot 
water backing up into an idle boiler and possibly causing 
injury to workmen. Surface blowoffs can be used to 
advantage where the water is muddy, and to be effective 
should be located as near the upper water line as pos- 
sible and used frequently. A combination surface blow- 
off circulating pipe and bottom blowoff is shown in 
Fig. 1, which has been used to advantage in cases of 
very muddy water. 


Water CoLuMNS 


Water columns should be connected to boilers using 
as short piping as possible to bring the water gage in 
proper location where it can easily be seen by the at- 
tendant. Size of pipe should preferably be 114-in., the 
connections from boiler to column to be fitted with 
crosses having brass clean-out plugs. Valves between 
boiler and column should be of the-straight-way type and 
preferably have rising stems. These valves should be 
opened and closed once a week to keep the dises and 
seats free from scale. In some plants it may be advisable 
and in some states it is required to lock these valves 
open, "sing a small chain and padlock for the purpose. 

Water columns should be blown down daily and ocea- 
sionally the valve in steam connection should be closed 
and the column allowed to blow freely through the water 
connection. On tubular boilers, the column is set to 
bring the lower gage about 214 in. above the top of the 
upper row of tubes. On water-tube boilers of the hori- 
zontal type the middle gage cock is usually set at the 
center line of the drum. Figure 2 shows arrangement 
of connections and blowoffs. 


Steam GAGE 


Eacu boiler should have an accurate and reliable 
steam gage to be graduated to 114 times the working 
pressure. It should be connected with the steam space 
of the boiler through a syphon or drop leg so as to 
- keep the connection always filled with water. It should 
be substantially mounted where it will be free from 
vibration, which soon destroys a gage. If located any 
considerable distance below the connection to the boiler, 
allowance should be made for the increased pressure due 
to the water column at the rate of one pound for each 
2.3 ft. height of water column. 
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SAFETY VALVES 


Tue A. S. M. E. Code requires two or more safety 
valves on each boiler except when the boiler is of such 
size that a 3-in. valve is ample. Where possible, the 
valves should be bolted directed to a separate flanged 
outlet on the ‘boiler shell and in no case should any 
valve be placed between the safety valve and boiler or 
between the safety valve and the atmosphere. Where 
a discharge pipe leading to atmosphere is necessary, it 
should be full size of outlet or larger and should be 
fitted with an open drain arranged to prevent any water 
lodging in pipe or valve. The discharge pipe should 
be securely supported at the fitting next the outlet to 
take care of the heavy strain at this point when the 
valve is blowing. 

The safety valve capacity for any boiler should be 
determined by assuming 6 lb. of water evaporated per 
square foot of boiler heating surface per hour. The 
discharge capacity can be obtained from the manufac- 
turers and varies with different makes. Safety valves 
having outside springs are used with superheated steam 





FIG. 2. ARRANGEMENT AND CONNECTION OF WATER COLUMN 
ON HORIZONTAL RETURN TUBULAR BOILER 


to protect the spring from the high temperature. In 
operation all safety valves should be made to blow regu- 
larly, and any signs of leaking taken care of promptly 
by regrinding. Also the pressure at which the valve 
flows should be noted, and if not correct the valve should 
be adjusted. Lever safety valves are no longer allowed 
on new work. 


STEAM OUTLET 


STEAM outlets on the tubular boilers were formerly 
taken from drums or domes under the impression that 
this was the proper way to obtain dry steam. This 
arrangement was later found to be a source of weakness 
to the boiler shell as well as furnishing additional sur- 
face for condensation. The internal dry pipe was found 
to be a better arrangement. This consists of an internal 
pipe located in the upper part of the steam space as 
shown in Fig. 3 and perforated on its upper half with 
14-in. holes of a sufficient number so that their combined 
area shall be twice that of the steam outlet to which 
the dry pipe is connected. Several holes should be 
drilled in the bottom of the pipe to insure drainage. 
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This pipe should be examined when the boiler is cleaned 
and holes not allowed to fill with scale. 

Most modern boiler plants have two valves at the 
boiler outlet. A non-return valve, placed next the 
boiler to prevent steam backing up into the boiler .when 
cold or in case of accident to a tube; next to this is 
placed a straight-way valve with outside screw and yoke. 
A drain pipe with valve is placed between the two, which 
is opened before the gate valve is opened and all water 
allowed to drain out. 

The tendency in the past has been to make steam 
outlets too large, involving an unnecessary expense for 
valves and fittings. At present steam outlets are cal- 
culated on the basis of a steam velocity of 6000 ft. a 
min., when the boiler is working at rated capacity. As- 
suming a 500-hp. boiler would require a 6-in. outlet for 
this rate of flow at capacity, the pressure drop in 
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FIG. 3. DRY PIPE AND STEAM CONNECTION 


30 ft. of pipe from boiler to main would not exceed % 
lb. If the boiler were worked at 200 per cent rating, 
the pressure drop would not exceed 2 Ib. 


DAMPERS 
Eacu boiler furnace should have a damper that can 


be fully operated in all positions and operating chains. 


or levers should be brought to the front of the boiler 


where they can be handled conveniently by the fireman. — 


Where several boilers are served by one stack, the 
main damper is sometimes controlled by an automatic 
damper regulator. This generally consists of a dia- 
phragm operated by the changes in the steam pressure, 
this diaphragm operating a pilot valve which controls 
water pressure to a cylinder fitted with a piston which 
moves the damper. With some types the pilot valve is 
operated electrically. One type carries the damper wide 
open until the steam pressure reaches a predetermined 
pressure then closes the damper entirely; while another 
type varies the damper opening gradually with the 
changes in pressure. While the former method probably 
gives closer regulation, the latter method is usually the 
better and will operate from open to shut with about 3 lb. 
variation of pressure. 


STEAM JETS 


THESE are sometimes used in stationary plants to 
increase the draft, but can be considered only a tem- 
porary makeshift to help on overloads or other emer- 
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gencies. Several jets would be needed in a stack of any 
considerable size and should be placed in one or more 
rings distributed evenly about the cross section of the 
stack. Steam jets are sometimes arranged to blow into 
the ash pit to create a forced draft and patented nozzle 
arrangements for this purpose are on the market. 

Size and arrangement of steam jets for draft is 
largely a matter of experiment in each particular case. 

The advantage of this system is its cheapness for 
installation and repair. Its disadvantage is noise and 
the great amount of steam required to operate being 
from 5 to 10 per cent of that generated. 


Fusiste Piues 


Aut high-pressure boilers should be protected against 
low water by a fusible plug filled with pure tin. This 
plug should be placed in the boiler shell drum or flue 
(depending on the type of boiler) at the lowest safe 
water line and where the hot furnace gases will come 
in contact with it. The plug should be kept cleaned on 
both the fire and water ends. 

When the plug shows signs of leakage around the tin 
filling, the tin should be melted out, the bore cleaned 
and tinned then filled with pure tin. 


StToKERS AND MerHops orf DRIVING 


Sroxers of the chain grate or overfeed type requiring 
but a small amount of power for their operation are 
usually driven by small steam engines. With these 
the rate of coal feeding can be controlled over a wide 
range either by hand or by an automatic regulator. In 
the case of the underfeed type of stoker where a forced 
draft fan or blower is used in addition a variety of 
drives may be used. 

A steam engine having an automatic regulator which 
causes the engine speed to vary according to the steam 
pressure can be used to drive the fan and also the stoker 
mechanism, thus varying the amount of coal fed and 
also the air supply, according to the demand for steam. 
This arrangement is largely used in small plants. 

An arrangement sometimes used is to provide one 
large fan for supplying air to several furnaces and hav- 
ing a steam engine on each end of the fan shaft, either 
engine being large enough to drive the fans, thus keep- 
ing one engine always in- reserve. 

_Means are provided for changing quickly from one 
engine to the other. In some installations small steam 
turbines can be used to advantage instead of engines. 

In larger plants it is sometimes found more econom- 
ical to drive the fans with constant speed motors and 
regulate the blast pressure by means of automatic dam- 
pers. In this case a separate drive, usually a small 
engine, is used to operate the stoker or some types of 
underfeed stokers have a steam cylinder for operating 
each stoker. 

Stoker plants with automatic regulation are in op- 
eration where the steam pressure variation is less than 
3 lb. during a period of 24 hr. 

In the setting of boilers, one of the most important 
points is proper arrangement and tightness of baffles. 
Theoretically the gas passages should diminish gradually 
in area from fire box to breeching in proportion as cool- 
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ing of the gases decreases their volume. This is difficult 
to accomplish with the ordinary form of iron flame 
plates, and firebrick wall construction, but can be se- 
cured with inclined baffles built of plastic material and 
tile. This funnel-shaped arrangement, with the baffle 
inclined forward from the top of the bridge wall has, 
also, the advantage of aiding to keep all parts of the gas 
passages full of hot moving gas, thus avoiding dead 
corners. 

For old boilers, the plastic construction has the 
added advantage that it can be moulded tight around 
bent tubes, thus giving a tight baffle when rebuilding, 
even if the baffle be built upon the original flame plates. 
To replace a tube, the hole in the baffle can be somewhat 
enlarged, and, after the new tube is in place, the hole is 
filled with plastic material again. This construction is, 
therefore, of essential aid in preventing leakage through 
baffles, which is a cause of considerable loss. Even if 
the baffles are of usual fire brick construction, the plastic 
may be used to advantage in stopping up the crevices. 

The harm from leaky baffles is twofold; they permit 
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hot gases to pass direct from firebox to stack without 
giving up their heat to the boiler; also they permit a 
high draft in the firebox which draws in excess air, 
lowering the temperature of the gases, and interfering 
with regulation of the combustion rate. 

To maintain ideal conditions, just sufficient air should 
be forced through the fire to produce the desired rate of 
combustion, and just sufficient suction maintained above 
the fire to carry away the gases as rapidly as they are 
formed. The former can be accomplished by regulation 
of pressure under the grate in a closed ashpit; the latter 
by regulating the damper opening or induced draft 
suction. Automatic control can be secured by various 
systems. 

Passing all needed air through the fire insures that 
it meets the combustible at a high temperature; using 
minimum draft above the fire results in slow passage 
of gases over the heating surfaces, giving a maximum of 
time for absorption of heat. Thus the two conditions for 
effective operation of the heating surfaces are secured, 
tending to high efficiency and large capacity. 


Economizer Practice 


Savine To Bre ExpPrecTep; CARE AND 


OPERATION. By 


CONOMIZERS CONSIST of a number of cast-iron 
tubes and headers through which the feed water 
passes on its way to the boiler and around which 

the waste gases of combustion pass on their way to the 
stack. The purpose of the economizer is to heat the feed 


water to a high temperature before it enters the boiler 


Raines KESSLER 


AVERAGE SAVING 
AVERAGE saving or increased capacity obtained by 
installing an economizer varies from 10 to 15 per cent, 
depending upon plant conditions, although in some cases 
greater savings have been made. Economizers show an 
unusually high return on the investment, due to the 


ECONOMIZER ARRANGED ON COUNTER-CURRENT PRINCIPLE. WATER AND GASES FLOW IN OPPOSITE DIRECTIONS 


by means of the heat contained in the flue gases when 
they leave the boiler. . 

Rise in feed-water temperature thus gained from heat 
which would otherwise be wasted results in a greater 
evaporation in the boiler per pound of fuel burned and 
a corresponding fuel saving, or if desired, the same 
amount of fuel may be used with a proportional increase 
in the steaming capacity. 


large saving in proportion to the small cost of installa- 
tion and they should be used in almost every boiler plant, 
especially as the conservation of fuel is a matter of 
national importance. 

The standard boiler rating is 10 sq. ft. of heating 
surface per horsepower and is based on the evaporation 
of 34.5 lb. of water per hour from and at 212 deg. F. 
by the heat transmitted through that amount of heating 
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surface or, in other words, the transmission of 33,480 
B.t.u. per hour. Actual operating conditions, however, 
vary greatly from this, as the boiler may be operated at 
some point below this rating or perhaps at 400 per cent 
of rating. 

A percentage of the heat in the fuel always leaves 
the. boiler in the flue gases. Table I shows the percentage 
of the heat of combustion present in the flue gases under 
various conditions. Without the use of an economizer 
this heat would all be wasted; but by applying the 
‘*eounter-current,’ principle, and using the heat in the 
flue gases after they leave the boiler to heat the feed 
water before it enters the boiler, a large part of this heat 
may be saved. ; : 

By using an economizer the temperature of the feed 
water may be raised from the water supply, hot well or 
exhaust steam feed-water heater temperature to a tem- 
perature approaching that of the water in the boiler. 
The higher feed-water temperature thus obtained, results 
in a proportionate saving in fuel as the transmission of 
less heat by the boiler surface combined with the heat 
recovered by the economizer will produce the same 


TABLE I, HEAT OF FUEL PRESENT IN FLUE GASES 





Pounds air per pound combustible in fuel 
Flue Gas 1s 24 30 
Temperature A B c 


Per Cent 
12.4 


14.9 
17.4 





Per Cent Per Cent 





12.2 
13.8 
16.4 
17.0 
18.5 
20.1 
21.7 
23.2 


represents average underfeed stoker operation with 
forced draft. 


represents average overfeed or natural draft stoker 
operation. 


26.5 














represents average operation with hand firing and 
natural draft. 











amount of steam as would be produced if an economizer 
were not used. 

The actual saving that any economizer installation is 
making can be easily calculated from the following 


formula: 


100 (T —t) 





Percentage saving = 
(H + 32) —t 
where T= Temperature of feed water after heating. 
t= Temperature of feed water before heating. 
H = Total heat in steam above water at 32 deg. F. 
For example, assuming a feed-water temperature 
entering the economizer, of 180 deg. F., a final tempera- 
ture leaving the economizer at 310 deg. F. and a boiler 
pressure of 150 lb. per sq. in. above atmosphere; the 
actual saving would be: 
100 (310 — 180) 
= 12.44 per cent saving. 





1225.5 — 180 
Results under various conditions of feed-water tem- 
perature and boiler pressure may be approximated by 
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estimating 1 per cent saving of fuel for each 10 to y 
deg. F. added to the temperature of feed water. 
Knowing the temperature of the gases leaving the 
boiler and desiring to find the saving that may be made 
by using an economizer to heat the feed water by means 
of the heat which would otherwise be wasted, take the | 
temperature of the gases in the boiler uptake and assume 
a final gas temperature entering the stack of 300 deg, PF. 
in order to obtain the approximate drop in temperature 
through the economizer. Then, as each 20 deg. F. taken 
from the gases under average conditions will heat the 
feed water 10 deg. F., this will give the estimated saving, 
The size of economizer necessary to secure these re. 
sults may be approximated by referring to the dimen. 
sions in Table II and allowing 5 sq. ft. of economizer 


TABLE II. GENERAL DIMENSIONS OF GREEN’S ECONOMIZERS 





Free dJrea Through 
Economizer 


Width Inside 
Chamber Walls 


per Section 





Wt. of Section 


Pall of Water 
Ext. Htg. Surf. 


For Dampers as Below 
Length 





2 Tube 
Ft. 


Sq.Ft. 


Sq.Ft. 


Sq.Ft. 





9 


10 
11 
12 

9 
10 
11 
12 

9 
10 
11 
12 

9 
10 
11 
12 

9 
10 
11 
12 














16.60 


18.44 
20.28 
22.13 
21.85 
24.27 
26.70 
29.13 
27.00 
30.00 
33.00 
36.00 
32.25 
35.83 
39.41 
43.00 
39.25 
43.61 
47.97 
62.33 








23.85 


26.50 
29.15 
31.80 
29.10 
32.32 
35.55 
38.78 
34.25 
38.05 
41.86 
45.66 


"39.50 


43.88 
48.27 
52.66 
44.75 
49.72 
54.69 
59.67 





31.10 


34.55 
38.00 
41.46 
36.35 
40.38 
44.40 
48.46 
41.50 
46.11 
50.72 
55.33 
46.75 
51.94 
57.14 
62.33 
51.50 
57.22 


62.94 


68.67 |E 


56.8 
60.7 
65.4 
76.5 
83.8 
91.0 
98.3 
102.0 
111.7 
121.4 
131.0 
127.5 
139.6 
151.7 
163.8 
153.0 
167.5 
162.0 
196.6 














Length over Economizer is 2 ft. 6 in. for each 4 sections 


in length 





heating surface per boiler horsepower developed under 


average conditions. 


CARE AND OPERATION 





Arter the economizer is installed, great care must be 
taken to keep the external surfaces of the tubes, which 
are in contact with the hot gases, as clean as possible in 
order to prevent soot collecting on them as this insulates 
them from the heat and materially reduces the rate of 
heat transmission, thus reducing the saving that might 
be obtained. In order to do this in the easiest and most 
convenient way, the manufacturers provide mechanically 
operated scrapers for this purpose. These scrapers con- 
sist of three parts, each part having a beveled cutting 
edge at the top and bottom which encircles the tube. 
These cutting edges are both directed upwards and the 
parts are so supported that these edges are forced against 
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55.8 
60.7 
65.4 
76.5 
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91.0 
98.3 
102.0 
111.7 
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the tube on the up stroke, thus dislodging the soot which 
falls between the bottom headers to the soot pit below 
the economizer and can then be removed at convenient 


intervals. 

Care should be taken to see that the scrapers do not 
stick, due to any unusual conditions, in which ease the 
chains passing over the pulleys on the gearing frame 
simply slide over the surface of the pulley. As the 
serapers are arranged in sets cleaning four sections of 
the economizer, the accumulation of soot due to this 
would render a large percentage of the heating surface 
inactive, as the ordinary economizer has from 6 to 12 


such groups. 

Feed-water should not be introduced into the tubes 
of the economizer at a temperature which condenses 
the moisture in the flue gases as this will combine with 
the sulphur in the gas to form sulphurous acid, which 
will attack the surfaces of the tubes causing external cor- 
rosion. Where the initial feed-water temperature is 
below 90 deg. F. and might cause this condition, the diffi- 
culty may be overcome by bypassing a small part of the 
heated feed water from the discharge of the economizer 
back to the feed-water line where it enters the economizer 
and thus tempering the cold water. 


Many waters used for boiler feeding purposes con- 
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tain impurities which are precipitated when the water 
is heated in the economizer. Because of the slow motion 
of the water in the tubes, these precipitates fall to the 
bottom and the economizer should be blown down at fre- 
quent intervals in order to remove them. In some cases, 
the economizer should be washed out two or three times 
a year to remove all of the sludge which might ac- 
cumulate. 

The most common scale-forming substances are the 
bicarbonates of lime and magnesia. These are precipi- 
tated in the economizer when the water is heated to about 
200 to 210 deg. F. because the bicarbonate is reduced to 
the monocarbonate, part of the carbon dioxide being set 
free, and the monocarbonate is insoluble. The sulphates 
of lime which form the harder scale are not thrown down 
in this manner, but become insoluble in part above 270 
deg. F. so that if this temperature is reached in the 
economizer they will be precipitated. Some of the salts 
of magnesia are decomposed at high temperatures and 
will also be precipitated in the economizer. 

Air entrained in the boiler feed water or poor cir- 
culation, due to irregular feeding, will cause pitting of 
the internal surfaces of the economizer and inspections 
should be made annually to determine the possible pres- 
ence of this trouble in order to prevent this condition 
rendering the economizer unsafe for operation. 


Economizers 


RANGES OF WATER AND GAs TEMPERATURES; INFLUENCE ON OTHER EQulIp- 
MENT OF PLANT; Drarr REQUIREMENTS; INSPECTION. By OsBoRNE MONNETT 


WENTY or twenty-five per cent of the heat gen- 
"T erated in the furnaces of an ordinary power plant 

goes up the stack as a waste product and the re- 
covery of this heat, or as much of it as is practicable, 
has always furnished an attractive problem for engineers. 
Attempts to do this have not always met with success, 
largely because of misapprehension as to the importance 
of the hot stack gases in the operation of the plant. 

In natural draft installations it must be remembered 
that while the heat of the flue gases is dissipated into 
the atmosphere, still it is doing an important work in 
producing the draft required to burn the fuel and that 
reducing the temperature of the flue gases, either with 
an economizer or otherwise, reduces the draft and fuel 
burning capacity of the plant at the same time. The 
scheme, however, is inherently sound and when the en- 
gineering features are recognized, due consideration 
being given to draft requirements, the economizer is 
placed on a solid basis as a legitimate piece of power 
plant apparatus. 

Theoretically the amount of heat that can be saved 
by an economizer is large. In ordinary eases the tem- 
perature of the feed water is raised from that of the 
hot well, 110, to 250 or 300 deg. F., depending upon the 
extent of the economizer surface, amount of air supplied 
for combustion, arrangement of gas passes of the boiler, 
ete. The temperature of the flue gases is correspond- 
ingly reduced from 500 or 600 deg. to 250 or 300 deg. 
Reduction in gas temperature is commonly about twice 
the inerease in temperature of feed water, the saving 
having a fairly constant relation to increase in tem- 


perature. The old rule of 1 per cent saving of fuel for 
every 10 deg. rise in feed-water temperature will hold 
good in this connection. Even where a feed-water heater 
is used to bring the feed water up to a temperature of 
200 deg., the economizer will, under proper conditions, 
justify itself, raising the temperature another 100 deg. 

Unquestionably the economizer finds its best expres- 
sion in large boiler installations with mechanical draft, 
the boilers being run at high rates of evaporation, where 
heavy peaks are encountered and sudden swings in the 
load make the large reservoir of heated water a desir- 
able feature. 

In such a plant high steam pressures would prevail, 
with resultant higher flue gas temperature, since the 
temperature of the flue gases in the last pass of the boiler 
must necessarily be as high or higher than the steam 
temperature within the boiler. This offers a favorable 
condition for the economizer. 

Also the vacuum carried in such a modern plant will 
be a factor. With vacuums of 28 or 29 in., as employed 
in steam turbine work and hot well temperatures of 
only 80 or 90 deg., there may not be enough exhaust to 
heat the feed water to a proper temperature for the 
boilers. Under such conditions, utilizing a portion of 
the hot flue gases for feed-water heating purposes offers 
a distinct advance in the economy of the plant. 

Circulation is on the counter current principle, the 
coldest water entering at the point of hottest gases, mak- 
ing the heat transfer most efficient. The amount of 
economizer surface installed is generally about 5 sq. ft. 
per boiler horsepower, or one-half the amount of heating 
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surface in the boilers. Heat absorption in B.t.u. per 
sq. ft. is at %4 the rate of absorption per sq. ft. of boiler 
heating surface, at rating. 

It is important not to restrict the draft any more 
than necessary in installing an economizer; 45 to 50 per 
cent of the area of the sections is free opening and a gas 
velocity of 1000 ft. per min. is ordinary practice, the 
velocity of the entering gases being 3600 ft. per min. 

Owing to the large combined area of the tubes the 
feed water travels very slowly through the sections, a 
velocity of less than 1 per cent of that in the feed lines 
being common. For this reason, the economizer offers 
an excellent settling chamber for mechanically suspended 
matter. Also the carbonates of lime and magnesia in 
the feed water are precipitated at the temperatures avail- 
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soot and especially for leaks, as a leak soon sets up coro. 
sion and builds up a deposit of incrustation and scale 
among the tubes. < 

2. Internal surface. See that the interior surface jg 


free from accumulations of sediment and that the sludge § 


is soft and can be easily removed with a hose. 

3. Safety valves. Free and in good working cop. 
dition. 

4. Blowoff valves. Tight and easily operated. 

5. Flange joints. Packing in good condition ang 
not affected by unequal expansion and contraction. 

6. Scrapers. Working freely full length of tubes, 
Frequently soot will accumulate at bottom and canse 
serapers to work only part travel. 

7. Gearing and reversing mechanism. In good con. 
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TYPICAL ECONOMIZER INSTALLATION WITH FORCED AND INDUCED DRAFT FANS 


able. The sludge can be removed with a hose. Periodical 
blowing down and washing out is necessary, otherwise 
the apparatus will become inoperative. However, it is 
not good practice to depend on the economizer for a feed- 
water purifier. A good rule is to install a feed-water 
heater where raw water is to be used, taking advantage 
of the precipitation and settling out of all possible im- 
purities. Where the feed is taken from surface con- 
densing steam turbines this point is not so important. 

To get the most out of an economizer the surfaces in- 
side and out must be kept clean. Owing to the apparatus 
being frequently in inaccessible locations, there is a 
tendency to neglect it. Periodical inspection and report 
should be insisted on covering the following points: 

1. External surface. Look for accumulations of 


dition and properly lubricated. 

8. Dampers. Working freely and capable of being 
properly adjusted. 

9. Brick work. Free from cracks and air leaks and 
clean out doors tight. 

10. Soot chambers. 
combustion dust. 

11. Temperatures. Gases entering economizer. 
Gases leaving economizer. Feed water entering econ- 
omizer. Feed water leaving economizer. 

Any variation in the normal temperatures, such as 
an increase in temperature of leaving gases, with cor- 
responding decrease in temperature of feed water, other 
things being equal, offers a certain check on the con- 
dition of the economizer. 


Properly cleaned of soot and 
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Troubles of Open F. eed-Water Heaters 


By J. R. McDrerMer 


HE OPEN feed-water heater, which accomplishes its 

heating by direct mixing of exhaust steam and boiler 

feed water, is perhaps one of the most reliable fool- 
proof devices that enters into power plant operation. It 
is, however, liable to a few troubles, some of which are 
matters of proper selection and installation and others 
purely of operation. 

Open feed-water heaters are deservedly liked in 
power plants because of their ability to handle dirty 
feed water with continuous high performance. They 
will handle water of any degree of turbidity with facil- 
‘ity, provided it does not contain sticks and stones large 
enough to clog the water inlet valve. A considerable 
portion of suspended matter in the water will always 
collect in the mud zone of the heater, and should be 
drawn off through the proper blowoff valve on the 
heater at routine intervals as part of the engineer’s 
duties. 

Water inlet valves should preferably be external to 
permit of proper inspection and maintenance. They are 
float controlled and operated by the water level in the 
heater. Sometimes the packing around the float and 
valve stems becomes so hardened from age as to inter- 
fere with float action with the proper pressure to prevent 
leakage. The remedy is then to renew the packing, and 
ordinarily it is immaterial what grade of steam packing 
is used. 

Definite rating is given to the modern open-heater by 
its design, representing a relation between steam volume, 
water storage volume, and agitating pan area. This 
relation means something that the manufacturers have 
worked out through long experience, and should not be 
ignored in installation, although almost any type of 
heater will properly heat a quantity of water far in 
excess of its rating. Over-working cuts down the effi- 
ciency of the water storage because a diminished reserve 
of hot water is available for the boiler feed pumps, and 
impurities in the water are not given adequate time to 
separate. It is only where very pure boiler water and a 
steady load is available that a heater should be over- 
loaded. 

Sometimes with waters particularly from artesian 
wells which contain abnormally high dissolved calcium 
sulphate or carbon dioxide, the interior of the heater ex- 
posed to water will be covered with a coat of scale which 
may be removed only by mechanical or chemical cleaning. 
This condition is unusual and does not interfere with the 
operation of the heater as long as flow through the 
heater is not restricted. The first difficulty will be with 
the scaling of the pump suction lines and the boilers, 
and will serve to draw attention to the condition of the 
heater. 

Contrary to the advertisements of some manufactur- 
ers, an open heater is not effective in removing dissolved 
scale-forming materials although it does have a great 
advantage in removing suspended matter and dissolved 
air, either with or without filtering media. It is a matter 
of common experience with a chemist that all calcium 


compounds are precipitated from hot solution in a col- 
loidal state and with the passage of time become suc- 
cessively gelatinous and then granular. A colloidal 
solution may be defined as one having chemically the 
properties of a mixture and mechanically the properties 
of a solution. This means, from the mechanical stand- . 
point of the engineer, that impurities ‘will settle out of 
the water or be removable by filtration only when they 
become granular and after so long a time that it will 
not be possible to accomplish the separation in the 
heater unless a big under-loaded heater with large water 
storage space is provided. This does not pay. The 
purity of the water as fed to the boiler will of course 
improve, due to the presence of condensed steam, which 
itself is pure. 
Om Trap 


Exuaust steam lines in engine service carry a tiny 
stream of oil, and emulsified oil and water trickling along 
the bottom. An open heater is provided with some 
arrangement for trapping out this oil and water and 
discharging it to the sewer and this device must be kept 
operative. If oil is allowed to flow into the heater, it 
will immediately show its presence in the heater gage 
glass, and when oil shows in the heater it can be sus- 
pected also in the boiler. Oil in the boiler combines with 
scale and produces slugs, which settle on the heating 
surface and allow it to overheat and blister. Lubricating 
oil in the boiler is dangerous and prompt decisive 


‘ measures should be taken to correct the trap on the 


heater. This is the most serious trouble that can happen 
with an open heater. 


Arm REMOVAL 


FEED water in passing through an open heater gives 
up air to the extent of approximately 60 per cent of the 
dissolved volume. This air when liberated in the in- 
terior of the heater reduces the component of the vapor 
steam pressure and hence the steam temperature, and 
the temperature of the feed water. A vent connection is 
provided to exhaust this air and steam into the 
atmosphere, and it should be piped as directly as pos- 
sible to the atmosphere without valves or pipe reductions 
intervening. It is essential also that the vent connec- 
tion of the manufacturer be utilized since the vent loca- 
tion with respect to the heater is often essential. When 
the heater is operating under a back pressure, the vent 
connection should show a continuous trace of steam. 

Often, the failure of heaters to deliver water of 
requisite temperature can be traced to interference with 
the vent connection. Incidentally a thermometer should 
always be placed in the pump suction line and desirably 
a low-pressure steam gage should communicate with the 
steam space of the heater. As a means of checking one 
against the other, the rule may be assumed that a heater 
of standard manufacture by a reputable builder will ap- 
proach within two or three degrees of the steam tempera- 
ture corresponding to the steam pressure as taken from 
steam tables. 
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satis Coal by the Use of Feed- Water Heaters 


By Gerorce H. Gipson 


remain where the boilers are fed with cold water, 
while exhaust steam is at the same time being 
wasted to atmosphere. Nevertheless there are many sta- 
tionary steam boiler plants in which the feed-water 
heaters are not used to the best advantage. This is some- 
times due to the bad condition of the heaters, particu- 
larly where closed heaters are used, or it‘may be due to 
faulty connections, or to improper heat balancing, which 
will be taken up more fully in a later paragraph. 
Feed-water heaters are of two principal kinds, open 
heaters in which the steam comes into actual contact 
with the water, and closed heaters, in which the steam is 


EF, XCEPTING steam locomotives, few steam plants 
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FIG. 1. EXHAUST CONNECTIONS TO OPEN FEED-WATER 
HEATER. NO BACK-PRESSURE CARRIED 





upon one side of a metal surface, and the water upon 
the other, and the heat is transmitted from the steam 
first through the metal and then to the water. 


Gain BY HEATING 


TO UNDERSTAND just where the feed-water heater 
comes in the cycle of the steam engine or turbine, let us 
consider the possibilities of a pound of steam at 150 Ib. 
per square inch gage pressure. Referring to the steam 
table, its temperature is 366 deg. F. and each pound con- 
tains 1177 heat units as compared with water at 50 deg. 
F. In producing a pound of steam at 150 lb. pressure, 
316 units are required to raise the water from 50 deg. 
to 366 deg. and the remaining 861 units are consumed 
in evaporation. Now, if instead of feeding the water 


into the boiler at 50 deg. F., we first raise the tempera. 
ture to 210 deg. F. by means of exhaust steam, 160 legs 
heat units will need to be imparted to the water and 
steam while in the boiler, and there will be a saving of 
160 —- 1177 = 13.6 per cent of fuel. 


Heat AVAILABLE IN EXHAUST 


As THIs heat is to be obtained from exhaust steam, it 
will be of interest to figure just how much heat there js 


in the steam after it has passed through an engine or } 


turbine. Let us take as a convenient figure representing 
a medium-size plant in good condition, 25 lb. of steam 
per hp.-hr. at 150 lb. pressure as the steam consumption 
of the engine when running noncondensing. Each pound 
of steam at 150 lb. pressure represent, as above stated, 
1177 heat units added to feed water at 50 deg. F. and 
the 25 lb. thus represent 29,425 heat units. The exhaust 
steam leaving the engine contains all the heat not turned 
into work, except that lost by radiation, and while the 
latter factor varies according to the type of engine, ex. 


posure, ete., let it be assumed at 10 per cent. The heat J 


turned into work can be calculated very nicely, since 1 
hp. corresponds to 33,000 ft.-lb. of work per minute, or 
1,980,000 ft.-lb. per hour, and 778 ft.-lb. are equivalent 
to one British thermal unit. A horsepower-hour there- 
fore corresponds to 2,547 heat units, that is, 8.68 per cent 
of the 29,425 heat units are converted into mechanical 
power. Adding this to the 10 per cent for radiation and 
subtracting from 100 per cent we have left 81.32 per cent 
of the total heat that was in the steam as it left the 
boiler still available in the exhaust. Even with the most 
efficient engine or turbine using only 10 lb. per hp.-hr,, 
75 per cent of the heat is still rejected in the exhaust, 
the important difference being that the temperature of 
steam from a noncondensing engine is 212 deg. F., while 
that from a condensing turbine will be in the neighbor- 
hood of 100 deg. F., or lower. 

The exhaust from the engine under the above as- 
sumptions is not all steam; some of it is water. The 
part which still exists as steam has the same properties 
as any other saturated steam at the same pressure, that 
is, its temperature at sea-level is 212 deg. F. and its 
total heat above boiler feed water at 50 deg. F. is 1132.32 
heat units. Of this amount 970.4 heat units are the 
latent heat of evaporation, and are given up when the 
steam is condensed. To raise a pound of water from 50 
deg. F. to 212 deg. F. requires 162 heat units. Each 
pound of exhaust steam in condensing is thus capable of 
heating 970.4 —- 162 = 6.1 Ib. of water from 50 deg. F. 

If the condensed steam itself is added to the water 
which it has heated, we have from 1 lb. of exhaust steam 
and 6.1 lb. cold water 7.1 lb. of feed water at 212 deg. 
In the open feed-water heater this result is attained. 
In the closed heater the condensed exhaust is usually 
rejected because it contains cylinder oil, unless an oil 
separator has been installed in the exhaust connection. 

If the amount of exhaust steam available is not suff- 
cient to raise the temperature to 212 deg. F., the engineer 
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may wish to calculate the temperature that will be 
reached. For the closed heater this is simple. Suppose, 
for example, that there is 7 lb. of exhaust steam available 
for each 10 lb. of feed water to be heated. Let X be the 
temperature to which the feed water will be raised and 
t, its initial temperature. Then 10 (X —t) =9704+ 
(212 — X) ; or if ¢ is 50 deg. F., X = 153 deg. F. 

For the open heater the problem and formula are a 
little different. We have, let us assume, 1 lb. of exhaust 
steam, from which we are to obtain 10 lb. of hot feed 
water, and as the condensed exhaust is to be added to 
the cold water, we require only 9 Ib. of cold water to 
start with. Then 9 (X —t) = 970.4 + (212 — YX) ; tak- 
ing t at 50 deg. as before X = 163 deg. F. It will thus 
be seen that the open heater gives a temperature 10 deg. 
higher than the closed heater, corresponding to about 
1 per cent of the coal bill. 
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to the temperature to which the feed water is raised. 
This is because in the closed heater the heat must be 
transmitted through a solid medium, namely, the tubes, 
and some difference of temperature is necessary in order 
to make the heat flow from the steam to the water. 


Rate or Heat FLow 


THE rate at which heat will flow from condensing 
steam through metal to water depends upon several 
factors, the least important of which is the resistance of 
the metal itself, since the conductivity of metal is very 
high in proportion to the conductivity of water or air. 
The transfer of heat from the metal to the water is de- 
pendent upon the velocity with which the water flows 
over the metal; the higher the velocity the better the 
transmission. The presence of any scale deposited from 
the water will, of course, interfere with the transmission. 
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FIG. 2. CONNECTIONS OF STEAM-STACK AND CUT-OUT VALVE HEATER AND RECEIVER TO ENGINE AND EXHAUST 
HEATING SYSTEM 


The foregoing calculations have been made upon 
simplified theoretical assumptions; for the open feed- 
water heater they are approximately correct, as such a 
heater properly connected to prevent waste of steam and 
vented to prevent the accumulation of air, should heat 
the water to the full steam temperature, and the only 
loss will be by radiation from the exterior of the heater, 
amounting to not over 2 deg. in the temperature of the 
water. A heater works under these conditions where 
there is no surplus exhaust or where the surplus ex- 
haust not required by the heater is used in a heating 
system, low-pressure turbine, ete. 

With the closed type of heater, however, we cannot 
figure upon the water being raised to the temperature of 
the steam, no matter how much exhaust steam is avail- 
able. Nor where there is not enough exhaust steam to 
heat the water 212 deg. can we figure on the exhaust 
steam and the condensate therefrom being cooled down 


On the steam side again the transmission from the con- 
densing steam to metal is very rapid as long as steam 
only is present; but as soon as there is a trace of air, 
the transmission is seriously interfered with. Without 
going further into the physics of this complicated sub- 
ject, we may say that transmissions in excess of 1000 
heat units per square foot of surface per hour per deg. F’. 
difference have been obtained in experimental laboratory 
apparatus, but that most feed-water heaters and vacuum 
condensers are designed upon the assumption of a trans- 
mission around 300 B.t.u. and this can be depended upon 
only where there is fairly efficient removal of the air 
from the heater or condenser. For condensers, special 
air pumps are provided and in closed heaters a slight 
exhaust of steam must be permitted in order to carry 
away the air. The steam cireulation through the heater 
should be so arranged that air-logged spaces or pockets 
do not form. 
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HEATING SURFACE 


THE amount of heating surface required, or the tem- 
perature to which the water. will be raised by a given 
amount of heating surface can be calculated from the 
following formula: 


Ww (t—T,) 
= — loge 
R t—T 
S=surface in sq. ft.; W—lb. water per hour; 
R=coefficient of transmission in B.t.u. per sq.. ft.; 
t— temperature of steam; T= initial temperature of 
water; T,=final temperature of water; loge denotes 
the natural or Napierian logarithm. 
This formula determines the amount of surface, 
hence the size of a closed heater. 


where 


Size oF OPEN HEATER 


For an open heater there is no easy, direct way of 
determining capacity or size, since a large amount of 
water can be heated to steam temperature in a small 
space, as witness the familiar injector, the old-fashioned 
jet condensers, etc. In fact, the size of an open heater 
depends upon other considerations, and varies according 
to the conditions of the plant, that is, according to the 
nature of the water, whether it will deposit much scale 
in the heater, the amount of storage required for boiler- 
feed-pump supply, the velocity of the steam through 
heaters of the thoroughfare type (now little used), ete. 
The figure of 10 hp. per cubie foot total capacity of the 
heater has been suggested, but is only a more or less ap- 
proximate mean of average practice, and should not be 
used as a criterion, since a heater of less capacity may 
give much better results than another of greater capacity, 
but of less intelligent design or improperly installed. 


For efficient operation of a feed-water heater, a 
thermometer should be provided in the feed line leading 
from the heater. If the temperature of the feed water 
is below 210 deg. F. and, at the same-time, steam is escap- 
ing to atmosphere, something is wrong, if it is an open 
heater. It may be that the heater is air bound, that it is 
not large enough, that it has not sufficient tray surface 
for the amount of water being put through it, or that 
the trays are cemented up with scale so that the water is 
not properly broken up, but falls at once into the water 
storage space. 


Where an open heater is installed on the ‘‘draw the 
supply’’ plan, a light back pressure in the exhaust pipe, 
created by means of a very lightly loaded back-pressure 
valve, is to be advised. Then if the vent from the heater 
is kept slightly opened, the heater will free itself of air. 


With closed heaters it cannot be expected to obtain 
water at the full temperature of the exhaust steam, as 
already explained, but by the formula which has been 
given, a calculation can be made of the temperature that 
should be obtained for the given amount of water and 
heating surface. If actual temperature is below this, 
caused by scale on the tubes, or air binding of the heater. 
The remedy for the former is a thorough cleaning and 
for the latter, forcing the air out, as with open heaters. 
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Cause or Loss 


ProsaBLy the most common source of inefficiency jn 
the use of feed-water heaters is the lack of proper heat 


balancing. The ideal plant would be so proportioneg § 


that enough exhaust steam would at all times be avail. 
able to heat the feed water up to 210 deg. F. and ing 
condensing plant never more than that amount. ‘That it 
always pays to have enough exhaust steam to heat the 
feed water up to 210 deg. F. is apparent from the fact 
that practically all of the heat not converted into work 
in the engine, pumps, ete., is returned to the boiler, as 
against the 80 per cent or so that would otherwise he 
thrown away in the condenser water, or to the atmo. 
sphere. In letting the steam down from boiler pressure 
to atmospheric pressure, as good use as possible should 
be made of it; that is, the engines or pumps should be as 
efficient as possible, and should generate as much power 
as possible from the steam used in the heater. 

If exhaust steam is not otherwise available, it will 
pay to bleed steam from an intermediate stage of the 
main turbine or engine. Where there is more exhaust 
steam from auxiliaries, ete., than can be used for feed- 
water heating, some use should be found for the surplus, 
either in heating buildings, heating water for other pur. 
poses, or delivery to an intermediate stage of the main 
turbine or engine. 

It is practically impossible so to design a plant that 
the amount of exhaust steam available from ordinary 
steam-driven auxiliaries will be just sufficient to heat the 
feed water to 210 deg. F. at all loads. When the load on 
the main unit is light, the amount of steam available 
from the auxiliaries is usually more than is necessary to 
heat the boiler feed water, while when the load on the 
main unit is heavy, the exhaust available may not be 
sufficient to bring the feed water up, to 210 deg. 

As a remedy some of the auxiliaries can be both 
motor and turbine driven, which permits of regulating 
the auxiliary exhaust to the amount required to heat the 
feed water, 
is preferred, the highest economy will be secured by in- 
stalling an auxiliary generating set exhausting to the 
feed water heater. The surplus exhaust can be bypassed 
to the main turbine, during period of light load or the 
set can include a motor generator connected to the main 
bus-bars and ean have its steam supply controlled by the 
back pressure in the feed-water heater. It will then take 
power from the main unit whenever it tends to produce 
more exhaust than is required for feed heating and will 
supply current to the main cireuit whenever the back 
pressure and the temperature in the heater tend to fall. 

This arrangement is better than the use of independ- 
ent steam-driven auxiliaries throughout, in that it makes 
better use of, in other words, produces more power from, 
the steam which is used for preheating, and it is better 
than the motor-driven auxiliary plant in that it pro- 
vides hotter water for the boilers, is thermodynamically 
more efficient than the main units and is independent of 
the latter. 


To FiInD the safe working load for a Manila rope of 
given size square the circumference in inches and divide 
by 7 for the load in tons. 
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‘Testing Reciprocating Pumps 


INSPECTION TO DISCOVER F'auuts IN Erection, Location, ADJUSTMENTS AND ACCESSORIES; 


Tests TO INDICATE WHERE Losses Occur IN OPERATION. 


ECIPROCATING PUMPS in power plants are 
either of the direct acting steam driven type or 
power pumps driven by a direct-connected motor 

on belt. In any ease they positively displace the water 
handled except for the loss due to slip and leakage so 
that testing for the purpose of securing highest operating 
economy involves first a thorough inspection and then a 
trial run during which measurements of water pumped, 


™ pressures developed, and steam or power used are care- 


fully taken. 
INSPECTION 


First OF ALL, a pump must be properly installed for 
the work it is to perform. It should be attached firmly 
to a foundation of ample weight to prevent vibration 
which would tend to loosen pipe joints and cause leak- 
age, and the location should be such that it is readily 
accessible and at the same time as near to the source of 


TABLE I. VARIATION OF SUCTION LIFT WITH: WATER 
TEMPERATURE 
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supply and point of delivery as possible to prevent loss 
of power due to friction in piping. 

Inspection will also include measurement of suction 
lift to see that this is not too great for the temperature 
of the water handled, and examination of the piping 
to see that it is of proper size, to give a velocity of not 
more than 3 ft. per sec., and is as direct as possible. All 
water valves should set squarely without leaking and 
packing should be just tight enough to hold without leak- 
ing or causing undue friction. 

To test the leakage of an inside plunger it is most 
satisfactory to block the piston in an intermediate posi- 
tion and remove the cylinder head. Then water at full 
discharge pressure is admitted to the cylinder behind 
the plunger. The amount of leakage over a given time 
can readily be determined by catching the water and 
Weighing it. This method presumes that the valves are 


By R. E. Turner 


tight. Discharge valves may be tested while the head 
is off by applying full pressure above the valves. To test 
the discharge valves, pressure is applied within the 
cylinder; any leakage will then be shown at the suction, 
or if the head is left off leakage will be shown by disap- 
pearance of water covering them. In case it is not 
practicable to remove the cylinder head to make the 
plunger test, the leakage may be taken from the opening 
provided for observation of the suction valves. 

Steam driven pumps require close inspection of steam 
valves to determine the correctness of the setting to 
secure full stroke without striking the heads and that 
the valves and pistons are not leaking. Make certain 
that the sizes of steam and exhaust piping are proper 
and are as straight and short as possible. Examine the 
pump governor, also the feed water or pressure regu- 
lator which operates it, to be sure that they perform 
their functions properly. 

Inspection of the driving end of power driven pumps 
should consist in determining the correctness of aline- 
ment of pump and motor on belt shafting and condition 
of driving belt on gear. 


SERVICE TESTS 


In THE POWER plant, the principal object of running 
a test on a pump is to determine where the losses are 


TABLE II. NECESSARY INLET HEADS FOR WATER OVER 160 
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Temp. of 
Inlet Water 
Deg. F. 


| Practical 
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and how they may be reduced. In order therefore to 
separate the various losses, the pump is subjected to tests 
from the results of which the volumetric efficiency, the 
hydraulic efficiency and the mechanical efficiency are 
determined. 

Volumetric efficiency is the ratio between the amount 
of water actually delivered and the actual displacement 
volume. The volumetric efficiency is therefore reduced 
by valve leakage, piston leakage, leaking stuffing boxes, 
short stroke and slip. It is also affected by speed, leaks 
in the suction connection and vapor rising from hot 
water. Low volumetric efficiency therefore calls for an 
examination into all of these conditions. Volumetric 
efficiency should not be be less than 90 per cent and may 
with careful attention to the points mentioned above 
be increased to 95 per cent or more. 

By knowing the hydraulic efficiency an engineer is 
enabled to determine the losses due to friction of the 
liquid passing through the passages of the pump. It 
is the ratio between the total head pumped against and 
indicated head; i. e., the total head plus the hydraulic 
losses. Hydraulic losses consist of two general parts; 
i. e., suction and discharge. Losses on the suction side 





POWER PLANT 


30 


of the pump are made up of velocity head, entrance 
head, friction in suction pipe, losses in the bends, and 
loss in passing through the suction valves. The dis- 
charge losses are made up of the losses due to passing 
through the discharge valves, the head set up by the 
valve spring tension, the friction in passing through the 
remaining passages and the velocity head. 

To:determine the exact loss due to each minute item 
requires very accurate and complete tests which are not 
readily conducted in a power plant and from the stand- 
point of operation such tests are not necessary as an im- 
provement in some of those losses can only be made by a 
redesigh of the pump. The suction losses, however, 
are quite readily separated from the discharge losses 
and this separation should be made in order that an 
analysis will point the way to a method of reducing the 
losses. 

Referring to Fig. 1, which is a typical water pressure 
card taken from a direct-acting pump, the method of 
separating the suction and discharge losses will be 
noted. This method consists in taking the indicator card 
in the usual manner then drawing on the card straight 
lines representing the suction and discharge pressures, 
the distances from the atmospheric line being propor- 
tioned to the scale of the indicator spring used. 

In using this method precaution must be taken to 
see that the gages used in measuring suction and dis- 


OISCHARGCE LOSSES 
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FIG. 1. TYPICAL INDICATOR DIAGRAMS FROM DIRECT ACTING 
STEAM PUMP 


charge pressures check accurately with the indicator. 
These. readings should be taken while the pump is not 
working but still holding full suction. 

The mechanical efficiency is the ratio between the 
power represented by the water diagram and that de- 
livered to the pump either from line shaft or motor. 
Mechanical losses are due to the mechanical friction of 
pistons in the cylinder, packing boxes and all bearings. 
They can be determined only by tests, but vary with 
size, service performed and type of pump. Poor ad- 
justments, misalinements, tight packings, speed, size, 
ete., all have their influence upon mechanical efficiency. 

What may be expected from pumps of several types 
in good working condition is given in Table III, which 
is taken from Nickel’s book on Direct-Acting Steam 
Pumps. In this table the mechanical efficiency given in- 
eludes the hydraulic efficiency, which is quite common 
practice. In other words, the values given are the 
mechanical efficiency, as previously defined, times the 
hydraulic efficiency. 

The total efficiency of a pump is the product of vol- 
umetric, hydraulic and mechanical efficiencies. In con- 
ducting a working test a form should be made out and 
readings taken, say, every 15 min., during the test in 
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order that fair averages may be secured. his fon 
should include space for all the data needed to determi, 
the above mentioned efficiencies. In testing power ply 


ered here. Inasmuch as full boiler pressure is used, th 
full stroke of the pumps in most direct acting pump, 
there is practically no initial condensation and wig 
tight valves and pistons a close estimate of the amop 
of steam used can be made. For ordinary purposy 
then, the following form will suffice. 
Date of test. ° 
Duration of test. 
Diameter of steam cylinder. 
Diameter of piston rod. 
Diameter of water plunger. 
Diameter of plunger piston rod. 
{Head end 
Displacement of plunger (cu. ft.) any end 
Total 


8. Average number of strokes per min. 


TABLE III. SPEEDS AND MECHANICAL EFFICIENCIES OF 
PUMPS 
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9. Temperature of water, deg. F. 
10. Steam pressure lb. per sq. in. 
11. Delivery pressure. 
12. Suction pressure lb. per sq. in. or inches vacuull 
13. Vertical distance between suction gage connet 
tion and center of discharge gage, ft. 
Total head of water, in feet. 
Weight of water delivered per hr., lb. 
Plunger displacement cu. ft. per hr. 
Weight of water by plunger displacement |b 


Volumetric efficiency, per cent. 
Slip of pump, per cent. 
Capacity, gallons delivered per 24 hr. 


Mean effective pressure, steam cylinder, Ib. pe 


Mean effective pressure, water cylinder, lb. pé 


I. hp., steam cylinder. 
I. hp., water cylinder. 
Mechanical efficiency per cent. 
Hydraulic efficiency per cent. 
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97. Total efficiency per cent. 
The methods of securing most of these data need no 
sxplanation; comment on some of the items, however, 


may be of aid. i i 
Delivery pressure, item 11, is measured by a pressure 


iifM@cage attached to the pipe just beyond the air head, it 
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s Vacuull 


vill probably be found to fluctuate with each stroke of 
he pump, but this can be reduced somewhat by throt- 
ling the gage connections. The correct pressure to use 
is close to the average of the high and low readings. 
Suction pressure, item 12, is measured by a gage at- 
ached to the suction pipe at its entrance to the pump 
and when hot water is handled this is usually in pounds 
per square inches as the water must come to the pump 
nder pressure. When pumping from a lower level, 
however, a partial vacuum will be formed, and under 
his condition item 12 is given in inches of mercury. 
Item 13 represents the head due to the pump alone, 
land it has been customary to specify it as the vertical 
distance from center to center of suction and delivery 
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FIG. 2, MEASURING TOTAL HEAD ON PUMP BY MEANS OF 
PRESSURE GAGES 


gages, but accurate tests have proved that the proper 
easurement is as stated in the form. 

Total head of water in feet, item 14, is the vertical 
distance from the surface of the water in the well to 
he point, at which it is again exposed to the atmos- 
phere. In power plants much of the pumping work is 
done in a closed system, water frequently coming to 
he pump under pressure and being delivered to a boiler 
or other inclosed tank so that the measurement of total 
head cannot be made in feet directly. It is then neces- 


sary to use gages which give the pressures in pounds 


per square inch and reduce the results to head of 


water in feet. Figure 2 shows the two conditions and 


gives the formulas employed. The constant 0.433 is 
the pressure due to 1 ft. head of water at 62 deg. F. For 
water at other temperatures this factor should be 
hanged. 


Any one of several methods of getting the weight of 
water delivered, item 15, may be employed. The most 
accurate method is to weigh the water in barrels or 
other containers, but this is not always convenient and 
requires the constant attention of one man. Any form 
of feed water meter which has been calibrated may be 
used or, lacking this, fairly accurate results may be 
obtained by placing a diaphragm with an orifice in the 
center between the flanges of a joint and providing 
pressure gages on each side of the joint. The difference 
in pressure is a measure of the flow of water and, after 
calibration, this form of meter will serve for ordinary 
purposes. 

Plunger displacement in cubic feet per hour is found 
by multiplying item 7, total, by half the number of 
strokes per hour. And the next item, 17, is found by 
multiplying item 16 by the weight of water per cubic 
foot at the temperature at which it is handled. 

Volumetric efficiency, item 18, is obtained by dividing 
item 15 by item 17 and multiplying by 100. Then the 
slip of the pump in per cent is equal to 100, minus 
item 18. 

The mean effective pressures, items 21 and 22, are 
figured from the indicator card. In taking cards from 
the water cylinder the precaution should be observed 
to use a heavier spring than would be customary with 
steam pressure of the same value, and it is customary 
to have two indicators with the connections direct to 
the cylinder heads. 

Items 23 and 24 are calculated by means of the horse- 
power formula and the mechanical efficiency, item 25, 
is found by dividing item 24 by item 23. 

To find the hydraulic efficiency multiply item 14 by 
the pressure due to 1 ft. head of water at the tempera- 
ture at which it is pumped, and divide this quantity 
by item 22, the result multiplied by 100 will give the 
hydraulic efficiency in per cent. 

As previously stated, the total efficiency is equal to 
the product of volumetric, mechanical and hydraulic 
efficiencies. 

In the case of power driven pumps, the principles 
outlined above still hold good; the methods of measuring 
the power applied vary with the type of drive employed. 
When belt driven, some form of dynamometer is the 
most convenient means of measuring the power while 
the power necessary to drive a direct connected motor 
driven pump is readily measured by means of a watt- 
meter. 

d 

Tue UniTep StTaTeEs owns some 5,000,000 acres of oil 
lands and 53,000,000 acres of coal lands, the title to 
which belongs to the Federal Government. Since all 
owners of Liberty Bonds are part owners of this Gov- 
ernment, it would be palpably foolish. of them to ex- 
change their Liberty Bonds for oil or coal stocks of 
doubtful values. 

Before disposing of his bonds, the holder thereof 
would do well to consult a banker. Such consultation 
will not prosper the fake stock concerns, but it certainly 
will prosper the bond holder. 
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Tracing Losses in Centrifugal Pumps 
WHeEreE TO LOoK For TROUBLE. Maxine Tests 
AND PuorTinc Resuuts. By O. H. Dorer 


WO GENERAL types of centrifugal pumps, volute 
and turbine, are in use. Volute pumps are used for 
general water supply, circulators for condensers 
and general cooling water service around the power 
plant. Turbine pumps are used generally in multi-stage 
form for high pressure, for boiler feeding, or elevator 
supply. — 
Losses in the centrifugal pump may be due to any 
of following: 
1. Operating under wrong conditions of head, 
capacity or speed with lowered efficiency. 
2. Internal pump losses such as leakage. 


3. Conditions outside of the pump, particularly the 


source of supply for the pump. 
4. Losses in the driver of the pumps, whether tur- 
bine, motor or engine. 


WronG ConpirTIONS . 


RELATIONS existing between head, capacity, efficiency 
and horsepower are definitely fixed with reference to 
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FIG. 1. TYPICAL CHARACTERISTIC CURVES OF CENTRIFUGAL 


PUMPS WITH SMALL ANGLE IMPELLERS 


each other and when plotted in the conventional curves 
are called characteristic curves. They enable one to 
understand readily the output of the pump and the im- 
portance of operating at the best efficiency. Typical 
curves are shown in Fig. 1, which gives quantities 
plotted as percentages of the quantities at the best effi- 
ciency. 

Point A represents maximum efficiency of pump at 
N r.p.m. and is the point of head and capacity for which 
the pump is designed. If the pump is operating at a 
lower head, as point B where the efficiency is much less, 
an increase of capacity is obtained over point A. This 
represents what occurs when the head conditions are in- 
correctly determined and the pump is working at 
lowered head. 

If operating conditions point to the left of A de- 
creased capacity and increased head would result with a 
lowered efficiency, which is the common trouble when 
pumps fail to give the capacity for which they were pur- 
chased. Manifestly to keep the efficiency in the maximum 
when the head is as shown at B, the speed must be re- 
duced until the resultant capacity is as shown at D, along 


the line of maximum efficiency for the pump ii questig | 


This line is readily determined, if we know the valp 
of point A, from the following relation. The heads ys 
directly as the square of the speed, and -at the same tiny 


the capacity varies as the first power of the speed. (og 


sequently the horsepower which is a function of hej 
and capacity will vary as the cube of the speed variatio, 
The speed at which to operate the pump to obtain poi 
D is readily obtained from these relations and a cun 
at a higher speed N, is shown. 

Now, if it is desirable to obtain increased capacj 
out of a pump, assuming it is operating at maximy 
efficiency head as at A, this can be done by increase ¢ 
the speed to point C, where the efficiency will not 4 
erease as much as for point B. The efficiency for poiy 
B is read from the efficiency at N r.p.m. by drawing j 
the equivalent efficiency line for point C and finding th 
corresponding efficiency from head capacity curve at} 
r.p.m. 

The power plant man can obtain from the pug 
manufacturer the characteristic of the pump as all 
liable manufacturers obtain a test of each pump befo 
shipment. Observance of conditions under which th 
pump is actually operating and comparison with the 
curves will enable the operator to determine the loss 
under 1. If there is a decided variance between snd 
observations and the shop test, the trouble may be fou 
under losses, 2, 3, and 4. 


INTERNAL. LOSSES 


INTERNAL leakage means that water is being shor 
circuited through the pump which may occur at any @ 
the fitted joints or between the bushing rings or runnin 
joints that are used to reduce to a minimum leakage frot 
the discharge side of the impeller to the suction side. - 

Leakage through the fitted joints may be due to 
gasket being blown out, or metal eaten away, or incorret 
matching of parts. Excess leakage through bushin 
rings is due to wear occasioned by grit in the wate 
improper material for the service, which under the ro 
tive speed and the eroding action of the water cuts tl 
metal away rapidly. Misalinement and complicated a 
rangements of bushing rings with temporary seizure al 
consequent scoring and wear are causes for rapid dete 
oration of these rings. Operating the pump witho 
water or allowing vapor binding will cause the sau 
difficulties. 

Obviously the proper thing to do to prevent | 
from internal leakage is to make periodical inspectio 
replace worn parts and repair fitted joints. Volv 
pumps being used for medium heads (never in excess 
200 ft.) run in general at lower speeds and, due to co 
struction, are much less liable to internal leakages. Tu 
bine pumps, due to the high heads (from 200 to 1500 ft. 
require being made as multi-stage machines, and th 
makes more internal joints and bushing rings to gué 


against. Also the construction being along entirely di 
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ferent lines makes the type of joints more difficult. This 
js especially true in the prevalent split casing machine; 
therefore, the split-case boiler feed and elevator pump 
or other high-head service centrifugal should be investi- 
gated and inspected more frequently and carefully than 
the circulating or general service pump. In fact, at 
least five times a year is not too much to inspect these 
pumps where in continuous service. Inspection does not 
mean that repairs are required, but an idea is obtained 
when the repair will be required to avoid breakdown. 












Losses OUTSIDE THE PuMP 






Losses in the supply to pumps are such that the 
pumps cannot operate to full capacity, and are due to 
improper suction line, air leaks, or insufficient head on 
the suction in the ease of pumps handling hot water. 

Where a pump operates under a static suction lift 
and the losses in friction and velocity head through the 
pipe occasion a total dynamie suction lift at the center 
of the impeller, in excess of 18 ft. there will be a re- 
duction in the capacity and efficiency of the machine. 
For good operation, the total suction lift to the impeller 
should not exceed 15 ft. Pumps are able to draw water 
up to a total of 25 ft. suction lift, but the capacity will 
be reduced 40 to 50 per cent and likewise the efficiency. 

Poorly constructed suction lines, especially bell and 
spigot pipe buried under ground, or lines with a high 
spot in them are sure to give trouble from air leaks and 
air binding and cause the pump to lose water or stop 
pumping altogether. Sharp elbows in the suction of a 
pump, especially close to the pump inlet cause losses in 
capacity and efficiency through the eddy currents set up 
which are carried through to the impeller opening; this 
element of the machine therefore cannot work properly. 
Manifestly, an elbow on the suction nozzle of a double 
suction pump, placed in direction parallel to the shaft, is 
still worse, as water will be diverted mostly to one side 
of the impeller, consequently there will be reduction in 
capacity and efficiency. 

The moral of this is to use large suction lines as direct 
as possible and of. flanged piping with long radius ells, 
the pipe to slope upward toward the pump. Foot valves 
should be avoided wherever possible on account of the 
losses in head occasioned by their use. 

Where a pump handles hot water as a boiler feeder, 
head is required on the suction to compress the vapors 
in the water and prevent the pump from vapor binding. 
This must be net effective head at the suction of the 
pump. The amount of head required depends on the 
design of the pump and too high rotative speed or too 
much work per stage are determining elements. In gen- 
eral 8 ft. net at the pump nozzle is sufficient for 210 
deg. water, but extreme conditions of speed or head per 
stage may require up to 15 ft. The direct result of too 
little effective head is loss in capacity for the pump, 
and vapor binding. Excessively high rotative speeds 
Should be discouraged and plenty of suction head pro- 
vided for safe, reliable operation of boiler feeders. Vent- 
ing of casings in case of trouble will help some situations 
but will fail on others, depending on which element of 
the above characteristics is mostly at fault. 
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The use of boiler compounds introduced in the suc- 
tion side of the pump, should be discouraged on account 
of the deposit of scale on the interior of the pump. The 
slight and continuous vibration of the machine breaks 
off some of this scale which gets churned around the 
outside walls of the impeller and wears the impeller and 
stage bushings rapidly. The eroding action of hot water 
in connection with the higher stage pressures and rota- 
tive speed of the boiler feeder is enough cause for wear 
without the generous help of the scale. For long life 
in the boiler feeder use good water. Where scale-forming 
water is used open the pumps frequently (five times a 
year for continuous operation), clean out the scale and 
inspect internal parts for wear. 


LOSSES IN THE DRIVER 


THE centrifugal pump generally gets the blame for 
poor overall efficiency of the unit. Especially are tur- 
bine-driven units susceptible to this condition. Fre- 
quently the trouble is due to the pump having a slight 
excess capacity over the designed value and as the 
auxiliary drive turbines are always bought for so much 
horsepower with given steam pressures on the throttle 
and exhaust, there is no overload capacity unless an 
extra hand operated nozzle is provided on the turbine 
easing. Consequently, to get the little increased power 
required on account of the pump being somewhat over- 
sized, these hand operated valves will be opened and the 
entire machine will lose economy through the turbine’ 
nozzles working under partial pressure. 

In a ease like this the proper course is to allow the 
normal nozzles to carry the pump at a somewhat lower 
speed, and in most ¢éases sufficient water is still being 
delivered. In case of a wide discrepancy, a slight reduc- 
tion in the impeller diameter will help matters out in 
view of the fact that the horsepower that an impeller 
requires varies as the cube of the speed or diameter for 
a given impeller. The pump manufacturer should be con- 
sulted and his advice sought whether or not it is 
feasible to cut the impeller. The alternative proposition 
is to increase the size of the main turbine nozzle for the 
existing conditions. The overload valve of a turbine 
is of value, but unless the full amount of the overload 
capacity is absorbed, there is a loss in turbine efficiency. 

A further trouble in auxiliary power turbines lies in 
the fact that while made to give their full output with 
given steam pressure and back pressure, they are often 
operated at reduced pressure or different moisture con- 
tent or increasd back pressure, which items when added 
together greatly reduce the effective output of the ma- 
chine and also its economy. 


TESTING THE Pump 


QuANTITIES to be determined : 

1. Capacity in gals. per min. 

2. Total dynamic head at the particular capacity. 

3. Speed in revolutions per minute at which the 
above quantities are obtained. 

4. Horsepower input to pump. 

5. Mechanical operation of pump. 

Determination of the quantities: 
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1. Capacity 


Capacity of a centrifugal pump has commonly been 
expressed in gallons per minute. The methods of deter- 
mining the flow may be any of the following: a. Ven- 
turi meter or nozzle measurement or good make of water 
meter. b. Weir—notched or rectangular. c. Pitometer 
or other flow meter. 

(a) A venturi meter with a manometer, when the 
apparatus is properly installed, so that no swirling eddy 
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currents can be induced in the flow, gives one of the 


most accurate and rapid means of determining the flow. 
The recommendations of the venturi meter manufac- 
turers should be carefully followed when this type of 
apparatus is installed and a manometer should be used 
instead of a registering device, as this gives instantaneous 


_to get, the deflection or difference in levels. 
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readings. The formula for capacity will be readily Sup. 
plied by the builder of the meter if no manomete; i 
furnished with the meter. 

A smooth nozzle such as a fire nozzle can also be Used, 


but it is always best to have some previous calibration gf 


the nozzle by some other reliable means of flow measyy, 
ment. As most nozzles are used where the pressure ayai 
able is considerable, there is generally considerable vel. 
ity of flow.in the nozzle chamber where the pressure regi, 
ing is taken and the manner in which the pressure gage; 
placed will affect the result; hence, the necessity of ; 
calibration under conditions identical with those for th 
test. We would never recommend obtaining the capacity 
of a nozzle by means of a piezometer, as this always giva 
large over ratings, and should not be used unless prey. 
ous calibration is made against another reliable mean 
of getting flow. 

(b) The weir, either the rectangular or the notch, i 
a reliable means of obtaining the flow. The precautioy 
are to see that the proportions are correct and that suit 
able baffling is used to obtain smooth flow. It is aly 
important- to locate the hook gage correctly and wit) 
respect to the formula that is being used to caleculat 
flow. When the velocity of approach is considerable 
this item must be considered also. 

(c) The pitometer is a convenient means of getting 
flow where it is impossible to have any of the other de 
vices, due to physical reasons or other causes. It is mos 
generally used in the suction line of the pump and shoul 
always be placed in a long straight run of pipe, if poy 
sible. When used in the suction where the pressure i 
less than atmospheric, some kind of an aspirator shoul 
be used to draw the water into the manometer sufficientl 
For pit 
ometers placed in the discharge line, air must be pumpel 
into the top of the manometer to get the difference in 
levels. It is absolutely necessary to integrate the floy 
by going across the stream taking readings of manomete 
deflections at definite places in the stream. We recom 
mend to make two traverses as a check at 90 deg. t 
each other. 

The tetrachloride fluid that is usually supplied by 
the manufacturers of pitometers gives reliable results 




























‘but the specific gravity of the fluid must be carefull 


checked for accurate results. Figure 2 shows sampl 
results of a pitometer test, and at same time shows effect 
of eddy current in suction pipe on the capacity of t 
pump. 

Displacement tests are not recommended except it 
special cases, as the change of head on the pump while: 
displacement test is being made gives only approximatt 
results. Where the displacement is a large reservoir 
the fall or rise in tide must ‘be very accurately deter 
mined, otherwise results will be only approximate. Pre 


caution: While capacity readings are being taken, thi 


head and speed should be maintained constant. 
2. Tora Dynamic Heap 


For centrifugal pumps this is always specified a 
feet of water. A pressure gage placed on a pipe unde 
pressure and through which water is flowing at a fal 


velocity will read the total pressure minus the velocity 
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head or pressure of flow. Therefore, a gage placed on 
the suction of a pump reads the static lift plus the ve- 
locity and friction head. To obtain the total dynamic 
head, we must add the suction gage reading to the dis- 
charge gage reading and include whatever distance there 
is between these gages. In case there is a positive head 
on the suction, the suction gage reading is deducted 
instead of added. This gives us the total dynamic head 
where the suction pipe and discharge pipe are of the 
game diameter. Where the suction pipe is the larger, 
as is usually the case, we must make correction for the 
in velocity heads that affect the gage readings. That 
is, we must caleulate the velocity at the suction gage 
connection and also at the discharge gage connections. 
The difference in velocity heads to be added to the above 
total head is the difference in the heads represented by 
these velocities. Where the discharge pipe is larger, 
we must deduct this velocity difference head. 

















3 SprEED IN REVOLUTIONS PER MINUTE 







Any reliable speed counter and a respectable watch 
will do for this. 








4. Horsepower Input To Pump 





Tus is rather easy to obtain where the pump is run 
by a motor, but difficult where other types of prime 
mover are used. 

For motors, all that is necessary is to measure the 
electrical input and correct for the motor efficiency to 
obtain the net power to the pump. Most motor manu- 
facturers will state what the efficiency of their motors 
is under various conditions of load, and this can be 
checked by core and resistance loss method. But, the 
full load efficiency can be figured approximately from 
the name plate rating of the motor. Direct-current 
motors require a volt and ammeter only. Alternating- 
eurrent motors should have a power factor meter and an 
indicating watt-meter in addition. 














When the pump is run by a steam turbine, it is well 
to observe the pressure on the nozzles and the number of 
nozzles open. No nozzles should be partly open. The 
steam turbine manufacturer undoubtedly can supply 
from his shop tests the horsepower-nozzle-pressure curve 
and corrections can be made, if steam conditions of the 
test and those of the shop test do not agree. This will 
give approximately correct results. Where a steam- 
flow meter is available, that can be relied upon or cali- 
brated by other well-known means, these readings should 
be observed. Where a condenser is available, the total 
steam can be measured, but this necessitates running the 
pump at a constant speed and head during at least 1.5 
hr. in order to get reliable results. 








Sometimes it is possible to put a dynamometer be- 
tween pump and driver and determine the horsepower 
consumption accurately. This presupposes a machine 
that can be calibrated by some dead weight measure- 
ment at a given deflection or dynamometer reading. A 
dynamometer, should always be arranged so that what- 
ever inherent losses are in the machine are not registered 
on the indicator of the machine. These losses make for 










sadditional power required-on the part of the driver; and 
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in attempting to check back on the output of the driver 
correction must be made for them. 

Having obtained the quantities, capacity, total dyna- 
mic head, brake horsepower, for a given speed, and 
given working conditions, it is well to obtain a similar 
set at higher or lower head, maintaining the speed the 
same. In this way the characteristic curve of perform- 
ance is obtained. 

The pump efficiency or relation of output horsepower 
to input horsepower can be figured readily. The effi- 
ciency can also be stated as a duty in foot-pounds per 
1000 Ib. of steam in the case of the turbine test. 


5. MECHANICAL OPERATION OF PUMP 


THis item should be investigated for the following: 

(a) Do the bearings operate satisfactorily ? 

(b) If there is a thrust bearing, is this receiving 
proper lubrication ? 

(c) If there is no thrust bearing, does the pump shaft 
have a bad end play, i. e., sudden jerks from one side 
to the other? 

(d) Is there any vibration or noise, and if so, at 
what head is it noticeable? 

(e) Does the suction gage indicate an abnormal lift, 
indicating restriction or excessive friction ? 

(f) Is the total head of the pump too great, indicat- 
ing too much friction in the discharge line for the 
amount of water passing? 

An investigation of these points will lead to the clue 
to trouble, if there should be any, with the successful 
operation of the pump. 


Help Them Leam English 


THE ENGLISH LANGUAGE is not easy to learn, and it is 
especially difficult for those who come to this country 
after their school days are over. Therefore, when your 
foreign associate shows the right spirit by trying to 
acquire our language, be careful to encourage him in 
the effort. 

If he wants to use a few English phrases, don’t 
rebuff him. Have patience with your foreign-born 
neighbor, or fellow-worker, when he talks to you in 
broken English. Never laugh at him or discourage his 
attempts, but help him to pronounce the words and 
form his sentences correctly. 

In ease you speak his foreign language, use English 
for choice in talking with him, and thus get him into the 
habit of talking English. 

This may seem like a trifle, but it is of vast impor- 
tance. The strength of a country is its united thought, 
and we cannot think in common, unless we have a 
common tongue. 

The foreign-born among us will never become 100 
per cent Americans until they can talk to us, understand 
us, read our newspapers and books, listen to our patri- 
otic speakers, and even think in the language of America. 

If it seems a waste of time to listen to the attempt 
of a foreigner to talk English, and if it seems more: 
trouble than it is worth to help him, just consider it as 
patriotic service and do it cheerfully. 
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What’s in Your Water? 


NAMES OF IMPURITIES, OR PLUS, 


TESTING AND TREATING FEED 


ATER IS H,O nothing more and nothing less. 

Water is not found in streams, lakes, springs or 

wells. From these sources it is always H,O plus, 
and the plus causes all kinds of trouble in a boiler. It 
is important that you know what the plus in your water 
is if you are ‘to rid yourself of trouble. To get all of 
the facts you should employ a good chemist to make a 
gravimetric analysis for you. This analysis will tell you 
of what the plus consists in detail and knowing this, you 
ean learn the cure. 

The plus in a water may consist of solids in solution, 
such as: Silica, Iron Oxide and Alumina, Calcium Car- 
bonate, Caleium Sulphate, Magnesium Carbonate, Mag- 
nesium Sulphate, Magnesium Chloride, Sulphate and 
Carbonate, Sodium Chloride and possibly free acid. 

The Silica, Iron and Alumina and Calcium and Mag- 
nesium salts are inerusting or seale-forming. The sodium 
salts being highly soluble, do not form seale, and the 
only effect they have on a boiler water is to increase its 
density. Some are of the opinion that sodium chloride 
is corrosive, but this is not true. This salt is very stable ; 
cannot be separated into its elements at anything less 
than an incandescent temperature not obtainable. inside 
of boilers. 

When corrosion occurs from the use of a water re- 
ported to contain it, it is because some chlorine has com- 
bined with magnesia or calcium. These salts are unstable 
and at boiler temperatures will break up into the ele- 
ments composing them. 

All of the inerusting salts named above form scale 
and increase the density of water as well. 

Besides solids in solution there may he solids in sus- 
pension which tend to color a water, such as sand, clay, 
silt, sewage or oil. 

The suspended solids do not contribute so much to 
the scale formation as they do to the accumulation of 
sludge or mud in a boiler. They do, however, increase 
the density of a water. 


TESTING FOR HARDNESS, ALKALINITY AND TOTAL SOLIDS 


Tr 1s not always convenient to have a careful analysis 
made of a water. The use of ‘a titrating set will give 
you all necessary information. A titration of a water is 
a volumetric analysis and every power plant should be 
equipped with a cabinet. All determinations (except 
that of hardness, found by using soap solution) are made 
by color changes easily recognizable and reasonably ac- 
curate. Making a volumetric analysis (or running a 
titration) you ean approximately determine the hardness 
in your water. No soap solution will precipitate all of 
the magnesium, and the magnesium sulphate is especially 
hard to get. 

As soap solutions are not accurate where the hardness 
exceeds 12 or 15 grains per gallon and if you wish to be 
reasonably accurate, measure out equal quantities of raw 
and distilled water and mix them. Use the mixture for 
the determinations. 


AND THEIR CHARACTERISTICS ; 
Water. By F. F. Vater 


When diluting with distilled water, you multiply th 
result you obtain by the factor of dilution to get te 
actual result. a 

The soap test gives you the total hardness, i. e. bot 
the permanent and temporary. The sulphates are th 
permanent and the carbonates the temporary hardneg 
Next, run an alkalinity test by using methy] orange J 
dieator. This determines the carbonate or tempora 
hardness. No dilution is desirable in making this te 


If your alkalinity determination is less thai the hay 
ness as shown by the soap test, the difference shows th 
amount of sulphates or permanent hardness the wat. 
contains. 

Should the alkalinity exceed the hardness, the watell 
contains sodium bicarbonate and you had better take th 
water to a chemist. Better go to a chemist, because thj 
plus induces foaming, and lap or seam cracks which hay 
caused the explosion of many boilers and it should m4 
be’ used if it exists in much quantity, unless no oth 
water supply is available. 

You can determine its quantity by titrating out to 
color change with methyl orange indicator and sulphur 
acid solution which gives you the alkalinity as befo 
stated. From the result obtained by this titration dedu 
the determination of hardness by the soap test and t 
difference will be the sodium bi-carbonate. 

The soap test determines the scale-forming matter i 
a water minus the silica and iron oxide and alumin 
These substances, however, are generally present in su¢ 
small quantity as to be negligible. 

To determine the total solids ‘in a water, take a qua 
and evaporate it to dryness in a water bath. If ebulli 
tion is permitted during this operation some of ti 
volatile acids will escape, affecting the result. Thi 
evaporation should be done in a porcelain dish. Scrap 
off the residue and weigh it in grains. Multiply the r 
sult by 4 and you have the quantity in grains per gallo 

You can use a less quantity than a quart and leg 
time will be required, but in so doing you increase yol 
error in just the proportion that you reduce the quantity 
For instance, if you use a pint instead of a quart yo 
factor will be 8 instead of 4 and your error will 
doubled. 

From your determination of total solids, deduct th 
total hardness as shown by the soap test to determin 
the non-inerusting solids. This is a variation frol 
accuracy to the extent that silica and iron oxide aul 
alumina are present. 

A much quicker way to determine the total solids an 
one which I frequently employ is to use a special hydw 
meter. You can make it without much expenditure ani 
outside of this use, it should be in every plant to enablt 
you to determine the concentration in the boilers }j 
testing the blow-off water. : 

Buy a 4-in. seamless copper float for the bulb; have 
reinforcing piece brazed to the float. _Tap this out 
receive the smallest brass bushing you can buy, say 1 i 
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by 1% in. pipe size. Screw a %-in. hollow copper rod 
into the bushing and solder it. Then opposite the rod 
ut an opening into the float about 1 in. in diameter and 
praze to the float a thin piece of copper pipe about 4 in. 
Jong, capped on the end. The whole must be perfectly 
SB water tight. Place the float in water and put in shot 
hrough the opening on top until the float with the rod 
erewed in permits the rod to stand vertical. 

Get a galvanized cylinder 51% or 6 in. in diameter, 24 
in. long; fill it with distilled water, add shot to the 
bulk until the closed pipe on the bottom of the float is 
within an inch of the bottom of the cylinder. 

Mark on the rod the exact surface of the water. Then 

weigh ten grains of sodium chloride and dissolve it in 
the distilled water. Put in the hydrometer and make 
another mark on the rod at the exact surface of the 
water. . 
You will find that if there has been no change in the 
temperature of the water the addition of ten grains of 
sodium chloride will raise the hydrometer bulb and 
hence the rod about 14 in. 
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hich Lif If you prefer you can add 100 grains of salt to the 

should water and then divide the distance between the first and 

sno othd second marks on the rod into as many equal parts as 
Bwill plainly show. é 

2 out to In order to use this in determining boiler water con- 

sulphur centration, have one mark on the rod with 200 grains of 

as befo salt in the distilled water, as this is all the concentration 






allowable in good practice. 
This instrument will not be as accurate as an evapora- 
tion to dryness in a water bath, but it is sufficiently 
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matter ig@accurate for all practical purposes. 
aluming Trsts FoR ACIDITY AND Om 
It 1 sue 

TO DETERMINE the acidity of a water, measure in a 
ea quai Florence flask 250 ¢.c. and pour it into a beaker. Drop 
If ebuli™into this water 3 drops of methyl orange. If acid is 
e of th present the water will turn pink. If it is alkaline, it 
It.  Thigg will turn lemon yellow. 

Serap With acid present titrate with caustic soda solution 
y the rf until the-pink changes to yellow. The amount of alkali 
r gallo necessary to change the color is equivalent to its acidity. 
and le Oil is sometimes present in water, especially in the 
‘ase you™ condensate returned from heating or drying systems. 
juantity Chilling a sample of water is a quick way to learn 
art you whether oil is present. Wash the beaker clean; fill it to 

will M™ within a quarter of an inch of the top; pack it in ice 

and let it stand an hour. If oil exists, prismatic colors 
duct thf will show on the surface of the water if held between 
stermingg you and sunlight. 
yn from 
ide ani EFFEecT OF IMPURITIES ON BoILERs 
THE EFFECT on boilers of the plus in water varies with 
lids ani the character of the plus. Free acid means pitting and 
| hydro corrosion. 
ure anil Excess sodium carbonate induces foaming and lap 
» enabll@ cracks leading to tears or rupture. 
lers hj Suspended matter including sludge and oil, tends to 
foaming and priming. The calcium and magnesium ear- 
haved bonates produce a scale of large quantity but open and 
out i porous and not seriously difficult to remove. 
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The calcium and magnesium sulphate form a hard 
dense scale very difficult to remove. 


Where the plus in a water is all sulphate, the scale 
is so hard that two men working steadily will require 
one day to turbine a 4-in. tube 18 ft. long. 

Fortunately, the average water contains both sul- 
phates and carbonates. Where the sulphate content of 
a water equals 20 per cent of the incrusting solids, the 
scale will be dense and hard. With less than 20 per cent 
sulphate not so hard. With 50 per cent sulphate the 
seale will be very hard. 

Another source of serious trouble in boilers is the 
density of a water. For instance, you are using a treat- 
ing plant which reduces the incrusting matter in a water 
to 214 grains per gallon. You have no trouble with 
scale; your tubes and heating surfaces are clean, but 
you continually burn out tubes. The trouble is, exces- 
sive density. H,O is water; its density is one, H,O plus 
200 grains per gallon will give your water a density of 
1.0034. If you are evaporating a water containing 15 
grains total solids per gallon, 13 hr. of 13 evaporations 
will bring your density due to concentration, up to 200 
grains per gallon, which is the danger point. 

This density covers all of the plus a water contains, 
i. e., the suspended matter, inerusting solids and non- 
incrusting solids and is the true measure of the value 
of a water for boiler feed purposes. 

The question of the effect the plus in a water has on 
boilers is always a relative one. There should be an 
‘if’? beginning every statement; because the damage 
done depends wholly on what kind of boilers you are 
operating and upon the steam pressure carried and the 
per cent over rating that you work them. 

If you have fire tube boilers, carry 80 lb. of steam and 
are firing an 80-hp. boiler to evaporate 40 hp. in steam, 
you need not worry much about anything but free acid. 

Again, if you carry 100 lb. of steam and work your 
boilers to 125 per cent of rating, the same water that 
caused you no trouble at 80 lb. pressure and 50 per cent 
of rating will bother you seriously. 

The higher the pressure carried and the greater the 
overload factor the more trouble you will have. At 240 
lb. pressure, 250 per cent of rating, you will put as 
nearly H,O without plus into your boiler as you can 
obtain if you wish to avoid trouble. 


EstTIMATING TREATMENT NEEDED 


KNowWING WHAT the plus in your water is by using 
the titrating set, you have a basis on which you can 
closely estimate the quantity of cure required. In the 
ease of 80 lb. pressure, running a boiler at half its 
rated capacity, a softening plant is scarcely necessary. 
You can prevent scale formation by preparing your own 
treatment. 

The active base of any and all compounds is soda. It 
maybe in the form of soda ash (sodium carbonate), 
or caustic soda (sodium hydrate). 

Provided the calcium and magnesium salts are all in 
the sulphate form, soda ash is the cure. For the best 
result feed into your water regularly one grain of soda 
ash for each grain of sulphate the water contains. Bear 
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in mind that the sulphates are the permanent hardness 
and are found by deducting the alkalinity from the soap 
solution tests. 


Should the water contain an equal amount of sul- 
phates and carbonates, use caustic soda, one grain for 
each grain of carbonate or temporary hardness your 
titrations show. 

In feeding caustic soda into this water, you have two 
chemical reactions. First, the caustic soda (sodium 
hydrate) absorbs the excess carbonic acid changing the 
bi-carbonate into the mono-carbonate which being in- 
soluble, precipitates. The carbonic acid combines with 
the sodium hydrate forming sodium carbonate or soda 
ash which reacts on the sulphates. The sulphuric acid 
combines with the soda changing the soda ash to sodium 
sulphate. This sodium sulphate is therefore an end 
product of the reaction and being highly soluble, remains 
in the water. It does not form scale and is inert except 
that it increases the density. 

The carbonic acid released by the soda ash combines 
with the lime and magnesia forming the insoluble mono- 
carbonates. No compound can do much good when used 
in a water containing temporary or carbonate hardness 
only. 

The sulphates are the cement or binder that makes 
seale hard. Their removal therefore, will change a 
scale from hard and dense to light open and porous. 

Should your water contain three grains of sulphate 
and 12 grains of carbonate, feed six grains per gallon 
of caustic soda. This will cause the precipitation of the 
sulphate, and three grains of the carbonates leaving six 
grains untreated. Should you feed 12 grains per gallon 
of caustic soda in the water you will remove the sul- 
phates but you will have formed 9 grains per gallon of 
soda ash in excess and this is too much. The limit of 
excess soda ash in any water should never excéed three 
grains per gallon. 

Where your boilers are operated at 100 lb. or more 
pressure and 25 per cent or more overload, com- 
pounds should never be used. You have reached the 
points where water softening pays very attractive 
dividends. 


EXAMINATION OF SCALE TO DETERMINE IMPURITY 


THIS METHOD is out of date. Find what the plus in 
your water is and you will necessarily know what the 
scale is. If you are so situated that a number of samples 
of scale can be examined and you know what the water 
forming each sample contained, you can get an approxi- 
mate idea of what the water contains from the appear- 
ance of the scale. 


METHODS OF TREATING WATER 


CONDENSE ALL or practically all of the steam used 
with a surface condenser and you will have no seale 
trouble. If your make-up water is very hard, treat it 
by softening. 

Distillation will prevent all scale troubles. Softening 
water will prevent all scale formation. 

As to which of the three methods is best is a question 
that can only be answered by a careful analysis of the 
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conditions that must be met. 
problem. 

As a rule, distillation costs are prohibitive unless 4 
recovery of the heat is possible. 

There are in use four softening processes. Three an 
by use of lime and soda ash. They are, the hot con. 
tinuous process, the cold, intermittent process, and the 
cold continuous process. Then there is the Zeolit 
process, which can be regenerated by the use of salt 
The latter process is successful when treating compan, 
tively good waters, or hard waters. The cold lime and 
soda ash process is used as a pre-treatment, then thi 
treated water is passed through the Zeolite. Where th 
lime and soda ash pre-treatment followed by a Zeoli 
process is used, the installation cost is very high, as j 
also the chemical and labor cost of treatment. 

The lime and soda ash process is in much more gen. 
eral use than other processes. 

The value of any process of treating water is mea. 
ured by three standards: Will the softened water pre. 
vent any scale formation? Obtaining this, the othe 
questions are: What will be your chemical cost? What 
will be your labor cost? 

The chemical cost as far as the direct chemical rea 
tion is concerned, is the same in any process, but in an 
process there is a chemical waste due to the necessity 
of using an excess of chemical. This chemical waste i 
measured by the condition of the water after treatment 
as determined by its causticity and alkalinity. 

If a treating process will deliver you a water not 
harder than 11% gr. per gallon, with no causticity, and 
an alkalinity of 114, there would be no chemical waste. 
This, however, is not physically possible, but the nearer 
you can obtain this result the less your chemical cost 
will be. Again, if the manufacturer guarantees the haré- 
ness only of the treated water, he can meet the guar. 
antee by over-treatment and can compel you to stand: 
waste of ten cents a thousand gallons. This means ona 
1000-hp. plant, 24 hr. a day, 300 days a year, a waste of 
$2880. 
By requiring that not only hardness but causticity 
and alkalinity be guaranteed, you close the- door to 
waste. 

The labor cost of operating a softening system varies 
from 14 of a cent to 5 cents per thousand gallons, de- 
pending on the type of apparatus. It is therefore very 
important that you ascertain what your labor cost of 
operation will be. A waste of 10 cents per thousand 
gallons in chemical and 4%4 cents per thousand gallons 
in labor will make a softener cost you more to operate 
it than it will save and there are dozens of cases where 
this result has been met, and the softeners are standing 


idle. 
FREQUENCY OF SAMPLING AND TESTING 


THIS is a question of the condition under which you 
are operating. In a cold, intermittent process you will 
need to sample every tank full of raw and treated water 
and the number of samples taken will depend on how 
many tanks you have and how quickly you empty a 
tank. 

In the continuous process the frequency will depend 
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on how variable the quality of water is and upon how 
qutomatically the feed of chemical cares for load 


changes. ae : : , 
On streams varying in quality from 7 grains alkalin- 
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Three ay fm ity to 12 grains free, sulphuric acid, using the continuous 

€ hot eon. process, one sample a day of raw water cares for the 
SS, and thi variation. Again, in the continuous process one sample 
the Zeolipfm and test of the treated water per day of 24 hr. is all 
Ise Of salt MH that is necessary. 

& compara TITRATION TESTS 

d lime ang , ue — 

, then thi In Tue following directions for tests by titration, c.c. 
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y a Zeolite 15.43 grains, and 1 oz. avoirdupois = 28.35 grains. 
high, ag i Measurements are given in the metric system, as that 
it. is the one commonly used by chemists, but the indica- 
More gen. fj tions by color or precipitate are the objects sought, so 
that the units used for measurement are not:of conse- 
ar is mea. (uence 80 long as correct proportions are preserved. 
water pre The method is taken from Publicity Magazine of the 
the othe Underfeed Stoker Co. of America. 
st? Wha To make the tests requires one measuring tube gradu- 
ated in cubie centimeters. One glass or enameled ware 
nical eal piteher with a capacity of one litre, and this must be 
ut in on graduated in grams, cubic centimeters and litres. You 
nécessiid will also need apparatus as shown in accompanying 
1 waste igi Sketches or apparatus so that you can do this work. 
7 All of this material can be purchased through any 
treatment . 
| drug store. 

We suggest that you buy your chemicals measured 
watce out for you and done up in separate packages, each 
city, ae plainly labeled. These you can also purchase from your 
val waste local druggist. 
he nearer 
nical cos OIL IN WATER 
the hard. WueEN oil in boiler feed water condenses there is 
the guar. considerable danger of damage. 

» stand a Take 250-e.c. of the boiler feed water, put it in a 
ans onal glass stopper bottle, put in 50-c.c. of pure ether, placing 
waste of § stopper in bottle and shake contents thoroughly for sev- 
_ Bf eral minutes, then allow bottle to stand 15 minutes, dur- 
austicity § ing which time (ether absorbs oil from water when bottle 
door to™ is shaken) a layer of oil-ether solution forms on the top 
of the water as shown in Fig. 1. Next, get a U-shaped 
m varies glass tube with one arm longer than the other and 
lons, de syphon water out from under oil-ether solution as shown. 
ore very Now take oil-ether solution that remains in the bottle 
cost of § and put in a porcelain dish. Place the dish in a luke- 
housand § warm water bath as shown in Fig. 2. The ether will 
gallons § evaporate, and residue that is left in dish will repre- 
operate # sent the oil. If dish was carefully weighed when empty, 
s where and then with oil residue in it, the difference in weight 
tanding § would represent the quantity of oil contained in 250-c.c. 
of boiler feed water. To determine the amount of oil in 
a gallon of boiler feed water, multiply by 15.14. 
HARDNESS OF WATER 
ich you 
ou will Harpness of boiler feed water has a direct bearing on 
1 water @ the scale forming tendencies of the water. 
ym how To test for hardness: 
upty a First: Make a soap solution by dissolving 13 grams 
of sodium oleate in 500-c.c. of aleohol and 500-c.c. water. 
Jepend Second: Make a standard quantity of hard water 
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by dissolving 1.11 grams of pure calcium chloride in one 
litte of pure distilled water. 

Third: Take 58-c.c. of pure distilled water and add 
to this 12-c.c. of standard hard water, then add 1-c.c. 
at a time‘ of the soap solution, from a measuring tube, 
and after each addition shake the bottle thoroughly. 
The procedure should be repeated until a lather is 
secured that will stay intact for 5 min. Thirteen c.c. of 
the soap solution should be required to make such a 
lather. If less than 13-e.c. of the soap solution is re- 
quired, this indicates that the soap solution is too strong 
and it should be diluted with pure distilled water until 
the point is reached where 13-c.c. of the soap solution 
will make a permanent lather. 

To make the test for hardness of water, rinse out a 
bottle which is to be used in the test several times with 
boiler feed water, then put 58.3-c.c. of boiler feed water 
(which should be filtered if there is much suspended 
matter in the water) in the bottle and add 1-c.c. of the 
soap solution at a time, and after each addition shake 
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Fig. 1. TEST FOR OIL IN WATER 
FIG. 2. EVAPORATION OF ETHER FOR OIL TEST 


the bottle thoroughly. Repeat this operation until a 
lather is obtained which will stay intact for 5 min. 

For example, if it requires 14-c.c. of soap solution to 
produce the permanent lather, the total hardness of your 
water is equivalent to 14 grains per gallon, or 15-c.c. of 
soap solution means 15 grains per gallon, ete. 


ACIDS AND ALKALIES IN WATER 


Ir Is important to know whether your boiler feed 
water is acid or alkaline, because the acids cause corro- 
sion, and alkalies cause priming. 


TEST FOR ALKALIES 


First: Dissolve one gram of methyl-orange powder 
in 1000-c.c. of pure distilled water. 

Second: Dissolve 40-c.c. of hydrochloric acid in 
1000-c.c. of pure distilled water. 

Put 200-c.c. of boiler feed water in a white porcelain 
dish and to this add two drops of the above methyl- 
orange solution, and the water will then turn yellow. 
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Next, add the hydrochloric acid solution drop by drop, 
frorh a measuring tube, but constantly stir the sample 
until the color changes to orange and then finally to a 
faint pink. The number of c.c.’s of acid used gives the 
number of parts of calcium carbonate per hundred thou- 
sand parts of water. ‘ 


TEST FoR ACIDS 
First: Take 100-c¢.c. of 95 per cent aleohol and dis- 
solve in it 0.5 gram of phenolphthalein crystals, then add 
a caustic soda until the solution has the faintest pink 
color. 

Second: Dissolve 21.5 grams of pure carbonate of 
soda in 250-c.c. of hot distilled water, then add to this 
solution distilled water until you have 1000-c.c. of this 
solution. 

Put 200-c.c. of boiler feed water in a porcelain dish 
and to this add two drops of the above phenolphthalein 
solution. Next, add the carbonate soda solution drop by 
drop from a measuring tube until a deep pink color ap- 
pears and stays permanently. The number of c.c.’s of 
carbonate of soda solution just used should be multiplied 
by 9.58 to give the number of parts of acid per hundred 
thousand parts of water. 


SULPHATE OF LIME 


Su.PHate of lime (calcium sulphate) in boiler feed 
water causes the forming of a very hard tenacious and 
fine grained scale in the boilers. 

Put 2 in. of boiler feed water in a test tube and add a 
little barium chloride solution. If the white precipitate 
which forms remains in suspension after a little nitrie¢ 
acid is added, it is a sign that calcium sulphate is pres- 
ent in the boiler feed water in fairly large quantities. 


MAGNESIUM 
MAGNEsIUM in boiler feed water causes foaming 


(which makes the liberation of steam bubbles diffieutt) 
in the boilers and also often carries with it chloride 
radicle, which causes corrosion. 

Put about 3 in. of boiler feed water in a test tuhp 
und bring it to a boil over a gas flame. Next, add a litth 
carbonate of ammonia and a bit of potassium of go¢, 
then if the white precipitate forms after the solution 
has been allowed to stand a few minutes, it is a sign that 
magnesium is present in your boiler feed water. 


CHLORIDES 


CHLORIDES in boiler feed water cause corrosion anf 
priming. 

First: Dissolve 4.79 grams of silver nitrate in q 
litre of distilled water and place in a dark bottle. 

Second: Dissolve 10 grains of patassium chromate 
in 100-c.c. of water. 

Now, put 58.3-c.c. of boiler feed water in a bottle 
that will hold about 100-c.c. Next add a few drops of 
the potassium chromate solution. Pour in the silver 
nitrate solution slowly, shaking the solution gently until 
a permanent: red rust color is obtained. The number of 
c.c.’s of silver nitrate solution that you add will indicate 
approximately the number of grains per gallon of the 
chlorides present in the water. 


OrGANIC MATTER 


THIS CAUSES priming and corrosion. 

Put a few drops of a strong solution of potassium 
permanganate in 500-c.c. of boiler feed water. If the 
red color of the potassium permanganate fades away it 
leaves the boiler feed water colorless and a large quan- 
tity of organic matter is present. If a yellowish tinge 
remains in the boiler feed water, it is a sign that organie 
matter is present, but not in large quantities. 


Overhauling the Piping 


INSPECTION FoR Bap Layout, LEAKS AND Proper INSULATION. CHECKING UP SIZEs. 
DRAINING AND TRAPS. TESTING AND EstiMATING LossErs. By Cari L. SVENSEN 


VERHAULING OF PIPING should properly in- 
O clude a study of its purpose, the methods adopted 
for accomplishing this purpose, and the inspection 
and testing of all piping, valves, and other parts of the 
system to see how well the purpose is being carried out. 
Piping is always a part of the power plant equipment 
and may be the source of many troubles as well as being 
both necessary and convenient. The causes of trouble 
arise from improper design, improper installation and 
materials, additions to and changes from the original 
design, and improper attention after installation. 
Piping in common with all parts of the plant which 
are in constant use requires constant attention if it is 
to be kept in a state of efficiency. 


The purpose of the piping is to convey steam or 
water in sufficient quantity and proper quality to the 
different machines, and to care for the steam and water 
after use. This purpose should be accomplished» with 
_the smallest loss from condensation, small pressure loss, 
and with safety. 


INSPECTION 


THE First step in overhauling the piping would be 
to make a careful inspection of the whole system, mak- 
ing a record of all points noted. A diagram drawing of 
the piping systems will be found very useful, as a ree- 
ord and to determine the best arrangement for future 
changes and. additions. Such a drawing can be easily 


made using a simple single line representation. The j 


position and kind of all valves should be noted as well 
as the size and use of each pipe line, Fig. 1. 

The inspection should include a careful search for 
leaks and the observance of all pipes to see whether 
they are properly covered or insulated to prevent radia- 
tion losses. Note also the thickness and condition of 
the insulating material. The location of all valves should 
be studied to note whether they are necessary and are 
adapted for the purpose intended. - See if there are 
sufficient valves to eut out lines which are unused or 
occasionally used. Such lines, especially if long should 
have two valves, one near the main line and one near 
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the engine or turbine. Extra valves are necessary to 
cut out a line in ease of accident or to change the regular 
system of operation to prevent shut-downs under emer- 


gency conditions. 


Loss pUE to a small leak can be appreciated when it 
is realized that a hole 1% in. diameter will allow about 
9500 lb. of steam at 150 lb. pressure to pass through 
Several leaks can easily make themselves felt 
at the coal pipe as well as cause damage to insulation, 
For this reason all leaks 


in 24 hr. 


to valves, and in other ways. 
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FIG. 1. SINGLE LINE PIPING DRAWING 


should be stopped as soon as detected. Leaky joints 
may be due to a number of causes, the remedy for each 
of which will be suggested. The principal causes are: 
Joints too far from supports; lack of provision for ex- 
pansion; improper supports; insufficient supports; lack 
of proper alinement before ‘‘making up;’’ excessive 
vibration ; insufficient number of bolts for flanges; poor 
threads or insufficient number of threads; packing too 
thick; worn or poor packing for flanges; scored valve 
stems; insufficient packing or worn valve stem packing; 
light weight valves; leaks at screw threads with uncov- 
ered pipe due to range in temperature. Fittings used 
to allow for changes in alinement develop leaks, while 
bends made of a single piece of pipe do not have this 
fault. 

Leaks at joints between pipe and flange can be 
stopped by applying a pipe-joint clamp, Fig. 2. Split 
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CLIMAX 
FIG. 2. PIPE-JOINT CLAMPS 


seams or rust holes can be repaired by using a piece of 
sheet packing and an emergency pipe clamp, Fig. 3. 


LEAKY VALVES 

WorN VALVE seats should be repaired as soon as dis- 
covered, as it requires but little time for them to be 
damaged beyond repair. When the weight of piping 
is carried through valves it will cause them to leak, 
hence supports should be provided near all valves. 
Valves should be tested for tightness and if leaky should 
be put in good condition at once. Sometimes light 
weight valves will be found, which have had their shape 


ENGINEERING 


41 


affected by the strains of ‘‘making up.’’ Such valves 
will never be satisfactory and should be replaced by 
valves having sufficient material to withstand the wear 
and tear of erection, use and repair. 

New pipe lines, and old ones after the placing of 
new valves or making changes, should be thoroughly 
blown out to remove any dirt, scale or other foreign 
matter. Then before closing any valves they should be 
examined, whenever possible, to see that seats are clean. 
There should be an evident means of being sure that 
blowoff valves and safety valves are not leaking, so 
that such a source of loss can be stopped at once. Small 
leaks amount to big losses when they occur over a long 








FIG. 3. EMERGENCY PIPE CLAMP 


period of time and especially when there are a number 
of such leaks. Visible leaks are usually attended to at 
once, but leaks inside of valves are not seen, so that 
valves require constant attention. For this reason un- 
necessary valves should not be used. 


CovER THE PIPING 


A KIND of leak which is not so evident as escaping 
steam is the uncovered steam pipe. In going over the 
pipe coverings they should be examined for the presence 
of moisture, for cracks, shrinkage spaces, looseness from 
the pipes and fittings, and opening of joints. Wet cover- 
ings and openings which allow air to reach the pipes 
do not prevent loss of heat by radiation. For these rea- 


THICKNESS OF COVERING. INCHES 


100 200 300 400 500 
TEMPERATURE DIFFERENCE. DEGREES FAHRENHEIT 


(PIPE TEMP — Room TEMP) 


FIG. 4. CHART FOR DETERMINING PROPER THICKNESS OF 


85 PER CENT MAGNESIA FOR MAXIMUM NET SAVINGS 
AT VARIOUS TEMPERATURES AND PRICES OF STEAM 


sons all coverings should be thoroughly inspected at least 
once a year and refitted to the pipe, renewed where nec- 
essary, and otherwise put into good repair. 

Valves, flanges and fittings should be covered with 
the same care as is the piping, for the surfaces thus ex- 
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posed are often a large per cent of the total radiating 
surface. Provision for getting at the valves and for in- 
specting the tightness of joints can be made by using 
molded sections of covering. Bare pipes are not only 
wasteful of heat but are the cause of moisture in the 
steam which may lead to dangerous conditions. The loss 
of heat due to radiation from bare pipes is about 3 B.t.u. 
per square foot per hour per degree F. difference in tem- 
perature between steam and. outside air. From 80 to 90 
per cent of the loss can be prevented by proper insulation 
of the pipe. 

The thickness of covering to use on piping with high 
pressure steam varies from 1 in. on less than 2 in. diam- 
eter to 3:in. on sizes over 8 in. diameter. The following 
thicknesses of Nonpareil High Pressure covering are con- 
sidered economical under average conditions inside of 
buildings for high-pressure steam. 


THICKNESS FOR PIPE COVERING 





Cost of Steam per 
1000 Lb 


Less than 10 cents Standard thickness 1% in. thick 

10 cents to.15 cents Standard thickness 2 in. thick 

15 cents to 20 cents 1% in. thick Double layer 1% in. 
20 cents and over 2 in. thick Double layer 1% in. 


Saturated Steam Superheated Steam 








Standard thickness varies from 1 in to 11% in. 

Figure 4 is from a very complete set of tests made by 
L. B. MeMillan and reported in A. S. M. E. Transac- 
tions, Vol. 37. 

PRESSURE Drop 

ALLOWABLE drop in pressure varies with conditions. 

In some large turbine plants with high superheat a 
S SS ———____ ae 

 _€s! 
q i: 
Z = ba 


Weight of Tray, Piston 
and Roa:5 Lbs. 


— = 
FIG. 5. CROSBY GAGE TESTER 


drop of 8 to 10 lb. is allowed. Under ordinary conditions 
a drop of more than 4 or 5 lb. is excessive and means a 
large loss of energy. 

The drop in pressure is found by reading the gages 
at the boiler and at the steam engine or turbine at the 
same time. The difference is the drop in pressure. 
Steam gages used for finding the pressures should be 
tested to make sure of correct readings. Pressure gage 


testers are made for this purpose, one form being shown 
in Fig. 5. The weights rest upon a movable piston Which 
transmits pressure to the gage through oil contained in 
the body of the apparatus. Full directions jor testing 
gages are furnished by the manufacturers anc! need no 
be repeated here. Readings on the gage should be take, 
as the weights are increased and also as the weights ay 
taken off. A test record is shown in Fig. 6 which ing, 
cates that the gage reads about one pound too low bot, 
with rising and falling pressures. The gage hand shoul 
be reset. . 

Pressure drop may be due to a number of cause, 
such as too small pipe, obstructions in the pipe, too many 
turns and valves, bare pipes or inefficient covering. Fy 
high pressures and superheat, small pipes and high ye. 
locities are used with consequent drop in pressure whieh 
is provided for by a higher initial pressure. In. such 
cases the first cost is less, radiation losses are less, repain 
eost less, and provision for expansion is easier. Th: 
pressure drop helps maintain the superheat. Drop in 
pressure can be remedied to some extent by using valvy 
with ample passageway, by providing a receiver or rege. 


-voir near the steam user, by careful attention to pipe eoy. 


ering, by reducing the changes in direction of the piping 
and by enlarging the pipe size. Anything which inter. 
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72 74.5 105 
80 79.5 /00 
85 84 95 
90 89 90 
95 94 85 
/00 99 80 
105 /04 76 




















FIG. 6. RECORD OF GAGE TEST 


feres with the flow of the steam will cause a drop in pres 
sure which means a constant loss. This does not mean 
that boiler pressure should be maintained at the throttle 
as the large pipes needed would have a larger radiating 
surface and offset the gain in pressure. 

A velocity of about a mile a minute was formerly 
used as a standard for steam flow in pipes. For super. 
heated steam the absence of water makes the use of much 
higher velocities possible as the steam flows more freely 
and radiation losses are less. In large steam turbine 
plants, velocities up to 8000 and 10,000 ft. per min 
are in use. For steam engines, larger pipes are often 
used to provide a reservoir to meet the varying demant 
for steam. Smaller piping, with a receiver near the 
throttle is a better arrangement as a continuous flow of 
steam at a high velocity can be maintained from boiler 
to receiver. The receiver must be carefully drained 
that dry steam will be supplied to the engine. A large 
pipe is used between receiver and engine. The use of 
a receiver separator will remedy the vibration of pipe 
when due to a changing velocity of steam flow. 

The velocity of flow can be figured from the quar 
tity used by the steam consumer or a steam meter may 
be used such as the St. John, Sargent, Bailey, General 
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Electric, ete. Full descriptions may be had by writing 
to the various companies making them. 

The usual formula for figuring flow of steam where 
the pressure drop is small is Babeock’s 


i( PDd? ) 
w=87,.0 
Luts) 


in which W = weight of steam flowing in pounds per 
minute; P — drop in pressure in pounds per sq. in.; 
D = mean density, pounds per cubic foot; d = inside 
diameter of pipe in inches; L = length of pipe in feet. 


DRAINING PIPING 


WEr STEAM is both dangerous and damaging. Water 
coming over with steam will produce water hammer and 


cause breakage of parts of the steam using machines. . 


With small steam turbines, vibration and slow down of 
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speed results, while with large turbines the vibration 
often necessitates shutting down. Superheated steam 
lines, if long, may have water in them. Lack of pipe 
covering or of efficient covering is a certain cause of 
wet steam, as is also pipes which are too large. Branch 
pipes taken from sides or bottom of a main will have 
water in them; they should be taken from the top. Sep- 
arators located near the machine using the steam will 
remove the moisture, and should be placed before the 
valves so that the steam will be dry when passing the 
valve seats. 

Wet steam is a cause of rapid wear on valve seats 
and this is one way of finding out the presence of water. 
High water or priming in the boilers, long pipes, and 
improper drainage are other causes of wet steam. 

Some of the effects of wet steam may be summarized: 
lowers efficiency of engines; causes leaks in pipes (rust 
holes, ete.) ; eauses vibration of pipe; vibration of steam 
turbines and other machines; water hammer; corrodes 
valves, valve seats, and parts of engines, turbines, and 
other machinery; causes waste of oil; washes oil from 
valves and cylinder walls. 
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The remedies for wet steam have been suggested and 
include: covering for pipes; use of separators; drip 
pockets ; proper drainage; slope of pipe; use of receivers ; 
attention to boilers, to prevent priming. 

The priming or amount of moisture carried by steam 
is determined by a calorimeter, of which there are sev- 
eral forms, throttling, separating and combined throt- 
tling and separating. When the moisture is not over 
3 per cent the throttling calorimeter, Fig. 7, is used. A 
sampling nozzle made of 14-in. pipe is inserted in a ver- 
tical pipe. The nozzle should extend to within 1% in. 
of the opposite side of the pipe and have a closed end. 
Twenty or more 14-in. holes in the nozzle allow steam 
to enter it. Prof. Carpenter’s design is shown in the 
figure. Steam containing a small amount of moisture 
will become superheated if the pressure is reduced by 























FIG. 8. SEPARATING CALORIMETER 


throttling, without loss of heat. The readings to be 
taken are: pressure in steam line, pressure in calorimeter, 
temperature in the calorimeter. The quality of steam is 
figured by the formula 


H.—q+0.48 (T.—t) 





x = 
r 
in which 
H, = total heat corresponding to pressure in calo- 


rimeter 

q == heat of liquid for steam line pressure 

T,.==temperature in calorimeter by thermometer 
reading 

= temperature corresponding to pressure in ¢alo- 

rimeter 

r= heat of vaporization, latent heat corresponding 
to pressure in steam line. 
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All values except T. are found from a steam table. 
Charts can be obtained giving the result without ealeu- 
lation. — 

The Carpenter separating calorimeter, Fig. 8, can be 
used when there is more than 4 per cent moisture. In 
this form the moisture is separated from the steam by 
passing through the corrugated openings in the cup. The 
steam passes out of the calorimeter through an orifice 
of definite size. The moisture collects in the inner cham- 
ber from which it may be drawn off and weighed for a 
known interval of time, or may be read from a scale 





ECCENTRIC FLANGE 


FIG. 9. CONCENTRIC AND ECCENTRIC CONNECTIONS 


on the instrument. The gage attached to the calorimeter 
is graduated to indicate the total flow of steam through 
the instrument in 10 min. The quality of steam is 
w+R 
x = ————_ 
W+w 

in which w = weight of dry steam passing out, obtained 
from gage. 

W = water drawn from separator, or read on scale. 

R = water due to radiation which according to Prof. 
Carpenter amounts to about 1/5 lb. per hour. 


ARRANGEMENT OF DRIPS 


IMPROPER draining or lack of provision for necessary 
draining is the cause of many piping troubles. A com- 
plete survey of the arrangements for draining will in- 
clude a consideration of: the location, size, and length of 
drip pipes; the sizes and lengths of all piping and the 
manner of making changes in direction; the location and 
kinds of valves; the location of dead ends; the position 
of supports to see that the pipe does not sag; the loca- 
tion of all fittings; the direction and amount of pitch 
of the pipes; the manner in which changes in size of pipe 
are made; the manner in which branch pipes are taken 
off; the possibility of drip pipes becoming clogged up; 
the location of drip discharge valves; the location of 











FIG. 10. BUCKET TRAP 


drip pockets; the disposition of the water of condensa- 
tion ; the location and operation of steam traps; the loca- 
tion, sizes and condition of all drip piping apparatus, ete. 

The damage caused by water hammer is well appre- 
ciated as is the danger due to a slug of water entering a 
steam cylinder. All low points in a piping system should 
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be drained. Pockets where water can collect may } 
due to sag of a pipe; to position of a valve; kind ¢ 
valve; direction of piping; changes in size, ete, Dy 
pipes should be taken from the bottom of the pipe, Long 
pipe lines having drip pockets every 75 to 100 ft, jj 
general, drip pockets should be the full size of the Dipe 
as water is often carried across small openings. Fry, 
the drip pocket, connection is made to a steam trap, 
Drip pipes from main lines should be 34 or 1 in. diay! 
eter ; for long pipes of large size, 114 or 11-in. drip pip 
may be necessary. There is always the possibility 9 
small pipe becoming closed up. The burr left att 
cutting will reduce the size of the pipe and often serv 
to hold dirt, seale, ete.;-until the pipe is closed. All dry 
pipes should be tested frequently to make sure that the 
are clear. It should be possible to know that such pips 
are open and a sight discharge should be arranged for, 
The fewer valves in drip lines the better. Such valyg 
as are used should show plainly whether they are opa 
or shut and should not be located in out-of-the-way 
places. All valves located in vertical pipes should hay 
a drip pipe tapped in just above them. All dead en 


- should be drained, and should be provided at the botto: 













VIELE 


FIG. 11. FLOAT TRAP 


of vertical pipes. Eccentric fittings can be used to avoi 
pockets when reducing the size of pipe, as shown i 
Fig. 9. For separators, traps, ete., the sizes of pipes a 
given by the manufacturers. 

Water from steam main drips can be gathered in 
receiver and automatically pumped back to the boile 
Supply pipes should slope from the steam header to sep 
arators, the slope for draining being about 1 in. in I 
ft. The supply pipe for the engine or turbine is the 
taken from the top of the separator. In this way slug 
of water, scale, dirt, etc., are caught and the moist 
is removed from the steam before entering the steat 
using machinery. It is important that the drips be sufi 
cient in number, so located that water cannot colle 
and that all dead ends be drained. 


TRAPS 


THE PURPOSE of a steam trap is to dispose of the cot 
densed steam from a piping system by discharging th 
water without allowing steam to escape. If a trap is nl 
in good condition, steam may be escaping all the tim 
which means a continuous invisible loss. Steam traps 
in order to give satisfactory service, require regular all 
constant attention. They should be inspected at leas 
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once a day, and the piping should be arranged so that 
the discharge can be seen as well as heard. If necessary, 
an outlet can be taken from the discharge pipe to serve 
the double purpose of indicating the operation of the 
showing whether steam leaks through the trap. 

When the water from a trap discharges against at- 
mospheric pressure, as into a hot well or sewer, it is a 
non-return trap. When the hot water is discharged back 
into the boiler, it is called a return trap. 

The Walworth bucket trap, Fig. 10, collects the water 
of condensation until it overflows into the bucket. The 
bucket then sinks, uncovers the opening in the spindle 
and allows the water to be driven out the discharge 
pipe. The MeDaniels float trap, Fig. 11, collects the 
ater of condensation until it raises the spherical float 
vhich opens a valve and allows the water to be dis- 
harged. , 

The Cranetilt direct return trap, Fig. 12, collects the 
cater of condensation which enters through the inlet 
heck valve, 1, and passes through the divided trunnion 
ee into the tank, 2. When the tank fills, the weight of 


FIG. 12. CRANETILT TRAP 


water causes it to drop to the bottom of yoke, 3, opening 
steam valve, 4, and closing vent valves. This allows pres- 
sure to enter through the inner pipe into the space above 
he water, and closes the inlet check valve. The pres- 
sure in the trap will then be the same as in the boiler, 
and as the trap is located above the boiler, the water 
lows to the boiler by gravity. The counterweight, 6, 
brings the tank back into the filling position after a suffi- 
ient amount of water has been emptied. 

The size or capacity of a trap should be specified by 
the smallest number of pounds per hour which it will 
handle under the available steam pressure or the size 
and length of pipe which it will drain. Sometimes a 
trap is installed with a capacity just sufficient to take 
care of the ordinary water of condensation. Such traps 
fail, if a slug or larger quantity of water comes over, 
with consequent damaging results to engine or steam 
using apparatus. The sizes of pipes do not determine 
the capacities of steam traps. 

Non-return traps should be located so that the water 
of condensation will flow to them by gravity in order 
to make sure of completely draining all pipes. Drip 
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pockets and separators should be used to collect the 
water and drip pipes run from them to the steam traps. 
If possible, traps should always be located so that they 
will be easy to get at for repairs or adjustment. If 
the pressure is more than 5 or 6 lb. the trap can be 
located above the lowest point in the system to be drained 
if more convenient. Drips from pipes under different 
pressures should not be piped together. 

Direct return traps must be placed at least 3 or 4 
ft. above the water level in the boiler. The discharge 
pipe should pitch toward the boiler and should not have 
any other connections, and full boiler pressure must be 
supplied to the trap. Figure 13 shows the setting for a 
Cranetilt direct return trap. 

In general, simplicity is desirable in steam traps and 
they should be constructed so that it is easy to get any 
working parts or to renew parts which become worn. 
One source of trouble is defective valves, due to scale, 
dirt, ete., which wear the valve seats. <A strainer in the 
pipe to the trap will protect the valves or other parts 
and lead to more satisfactory operation. The working 
parts of a trap should be kept cleaned, and lubricated 
when possible. Sticking or binding and friction of joints 
and working parts are other causes of unsatisfactory 
operation. 














FIG. 13. SETTING FOR DIRECT RETURN TRAP 


Buckets and floats should be tested for buoyancy to 
make sure that they do not leak. The collection of sedi- 
ment in buckets is another source of trouble. The valves 
of traps which operate continuously become worn and 
should be renewed as frequently as necessary. Steam 
traps of whatever type must be kept in perfect condi- 
tion all the time, if they are to serve their purpose well. 

Overhauling of the piping is something which should 
be going on at all times. The purpose of piping is to 
get the steam to the place where it is used with the small- 
est loss, and with safety, and to do this continuously. 
For this reason repairs and changes should be made as 
soon as the necessity becomes known. 

Neglect of repairs on piping, neglect of inspection of 
piping apparatus, continuance of improper drainage, 
continuance of too large a drop in pressure, leaky valves, 
uncovered pipes, and similar conditions are sources of 
constant loss and constant danger. 
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Overhauling and Testing Fans 


For Leaks, Bap ARRANGEMENT AND 
PrerFoRMANCE. By M. S. Leonarp 


HIS ARTICLE is not to give a technical exposition 

of fan testing as conducted in a laboratory, but 

rather to describe as concisely as possible, tests and 
observations that can be made upon fans and their con- 
nections after installation, which will be of practical use 
in improving the efficiency of the useful results ob- 
tained. 

The reader should realize at the outset that many 
fans are so situated, owing to complicated flues or ducts 
that very accurate measurements of the velocity and 
pressure cannot possibly be obtained. In such cases 
several determinations should be made at different loca- 
tions, and by different methods. If the several results 
are then averaged after eliminating any that is véry 
divergent, a fairly accurate measurement will probably 


be secured, and if this agrees with the known character- 


isties of the fan, it may be accepted as correct. 


INSPECTION AND CLEANING 


UnN.Ess, for purposes of comparison with improved 
conditions later, it is desired to know what results are 


FIG. 1. PORTABLE ANEMOMETER 


being obtained before any steps are taken to better them, 
all apparatus should be carefully inspected and put in 
good order before making any tests. If copies of the 
drawings of the fan and curves or tables of its perform- 
ance are not already on file, it is well to obtain them 
from the makers. The interior of the fan, and all pas- 
sages through which the air flows should first be thor- 
oughly cleaned. In new work, refuse construction mate- 
rial or other things which do not belong there, are often 
found in the fan or ducts. In old installations foreign 
material often accumulates on the fan blades and in the 
casing and flues. In induced draft fans, soot and cinders, 
if not removed frequently, may accumulate in the bottom 
of the fan casing up to the periphery of the wheel and 
in the flues to an extent which reduces the area suffi- 
ciently to increase the friction losses appreciably, and 
to prevent the proper closing of dampers. Soot accumu- 
lating on the blades of fans having narrow curved blades, 
may fill up the depressions in the blades enough to 


affect the output and the efficiency seriously. Where 
forced draft fans are located where the air coming ty 
them carries dust and ashes, especially if the Inside of 
the fan is oily from overfilled bearings, a similar condi. 
tion often exists. Sometimes underground ducts gy 
partly filled with water. All of these things should 
looked for and corrected, if they exist. 


The mechanical and running condition of the fy 
should be inspected in detail. See that there arc no leak 
in the seams of the casing or between casing and flug 
and in so-called %4 housing fans between casing anj 
foundations. If bearings have not been periodically 
drained and cleaned, do so now, and see that they ar 


properly alined and fitted, that they run free and eq 


and lubricate properly, and that the shaft journals ay 
in good condition. In case of water-cooled bearings 
induced draft fans, see that water circulates and keey 


bearings properly cool. 


VIBRATION 


Ir all of these matters are in proper shape, and fa 
wheel is clean, the fan should run at any speed up to it 
safe maximum, without vibration or laboring. If i 
doesn’t, the cause should be sought and removed. | 
may be due to an unbalanced condition of the fan whed 
caused by injury to some of the blades by some solii 
object going through the fan, or by excessive heat, or by 
overspeeding at some time. Anv large distortion can 
seen. The vibration may be due to the shaft bein 
sprung, or to the fan being out of line with the motor o 
engine which drives it, if it is direct connected. Remen- 
ber that even a flexible coupling will cause vibration 
high speed, if it is not lined up carefully. Uncoupk 
the driver, and run it separately to see whether the caus 
is in it. Poor foundations are often the cause of vibra. 
tion especially of units driven by reciprocating engines. 
If the cause of the vibration is not evident after investi: 
gation along these lines, the wheel should be rebalanced. 
Vibration developing in fans, and being neglected, is: 
common cause of breakdowns and repairs, and to som 
degree absorbs power and lowers the efficiency. 


Bap Sertine Up 


Now compare the dimensions which affect the flow of 
air through the fan with the drawing of the fan. | 
fan has inlet cone, or cones, see that they come the cor 
rect distance from the wheel inlet. Also see that the 
inlet to the casing is not obstructed by anything the 
fan designers did not intend to have there. If fan has 
curved blades, see that curve has not been altered. Se 
that the cutoff, that is the point where roundabout 0 
casing approaches nearest the wheel, is in proper pos: 
tion. This is important in many types. Particularly i 
fans of the 34 housing or 7% housing types, where a pat! 
of the scroll is contained in construction not built by 
the fan maker, make sure the form and dimensions att 
exactly as called for on drawing. Frequently, this work 
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js carelessly or ignorantly built, and is not at all as called 
for, causing a great reduction in capacity and efficiency. 
In connection with this, see that the connection from fan 
to flues is smooth and unobstructed. There should be 
no abrupt expansions and no contractions whatever. 

In some eases, very likely, construction which is not 
correct will be found, where considerable difficulty would 
be experienced to change it. In such cases it is well to 
proceed with the tests without making the change, but 
find out from the fan manufacturers what the probable 
effect is, so as to be able to determine whether it would 
pay to change. 

The piping systems should be gone over for leaks, 
and any that are found, repaired, and all dampers be 
made to close tightly, if they affect the volume handled 
by the fan. 

When these things have been done, it is time to 
measure the work done by the fan and the power taken. 


Fan TEsts 


Ix « fan test, the factor that it is most difficult to 
determine, accurately, is the volume, which is obtained 





=a 








. Fig. 2. COMMON FORM OF PITOT TUBE 


from measurements of the velocity at some point. The 


instruments most frequently used for measuring the 


velocity of an air current are the anemometer, the pitot 
tube and the draft gage. 

The anemometer, shown in Fig. 1, consists of a light 
and delicately constructed fan wheel, whose motion is 
transmitted to a system- of practically frictionless gear- 
ing within an attached case. Upon a dial, the movement 
of the fan wheel is registered by hands revolving over 
graduated circles which read in total feet of flow. To 
use the instrument it is therefore ‘necessary to take the 
time of starting and stopping. The anemometer is pro- 
vided with a socket for attaching a long slim handle so 
that the operator does not obstruct the air current, and 
with a device for starting and stopping the recording 
mechanism by means of a cord. 


Using THE ANEMOMETER 


WHEN all the air to be measured passes through one 
opening as a doorway, or the open end of a duct, which 
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is accessible, and when the velocity is not too high for 
the instrument, the velocity may be measured by this 
means with a fair degree of accuracy. Ordinary anemo- 
meters are only good up to 20 or 30 ft. per sec., but 
some instruments are made that are claimed to be satis- 
factory at considerably higher velocities. The procedure 
is as follows: 

Divide the area of the opening in which the measure- 
ments are to be taken into a number of equal areas, the 
more the better, by fine string or wires. Hold the 
anemometer in the center of each area successively and 
take a one-half minute reading, noting the reading of 
the meter dial at starting and at stopping for each area. 
The starting reading subtracted from the stopping read- 
ing, corrected for the error of the instrument, is the 
linear feet of flow during the time of observation, and 
this quantity divided by the time of observation, in 
minutes, is the average velocity through that area in feet 
per minute. The average of the velocities obtained for’ 
the several areas is the average velocity for the entire 
opening. This average velocity multiplied by the total 
area of opening in square feet, is the cubic feet per min- 
ute being moved. No two anemometers read alike and 
the instruments are also so delicate that they are easily 
disarranged by rough handling, especially if transported, 
so that it is customary to have them calibrated fre- 
quently ; hence, the reference to instrument error above. 

The practice of taking one continuous reading, mov-. 
ing the anemometer back and forth over the area of the 
entire opening, as is sometimes done, leads to an error on 
the side of too great volume when the velocity is not the 
same over the whole area, because of the momentum of 
the fan which does not slow down instantly when moved 
from a higher velocity to a lower one. The anemometer 
method of measuring volume is not recommended when 
the pitot tube method can be employed. 


Pitot TuBE 


THE PiTor tube, one form of which is shown in Fig. 
2, does not measure velocity directly, but enables the 
pressure head corresponding to the velocity to be indi- 
eated upon a manometer or draft gage two forms of 
which are shown in Figs. 3 and 4, from which the 
velocity can be calculated. 

As air or gas flows from place to place through flues 
or ducts, its pressure is constantly changing. The pres- 
sure at any given cross section of the conduit is made up 
of two components, the static pressure and the velocity 
pressure. The static pressure measured with reference 
to the atmospheric pressure, if above atmospheric, is the 
pressure being used to overcome the resistances to flow 
between the point of measurement and the atmosphere. 
If below atmospheric, it is the pressure to overcome re- 
sistances to flow between the atmosphere and the point 
of measurement plus the pressure to produce the exist- 
ing velocity. This difference in the significance of the 
static pressure when above and below atmospheric, is 
important and should not be lost sight of. 

Velocity pressure in both cases is the pressure due 
to the impact of the moving gas by virtue of its weight 
and velocity. The static pressure is exerted in all direc- 
tions, the velocity pressure only in the direction of the 
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flow. Consequently a pressure indicating device con- 
nected to an orifice facing directly upstream will indi- 
cate the algebraic sum of the two pressures, while if 
connected to an orifice facing exactly at right angles to 
the stream it will indicate the static pressure only. As 
a matter of fact, the static orifice must be of a certain 
form to transmit the pressure correctly. Most orifices 
produce an error when there is a velocity past them due 
to the, induction of the moving stream which makes the 
indication lower than the true static pressure. 

The pitot tube is an instrument combining in a con- 
venient form two tubes in such a position that when the 
orifice of one faces the stream those of the other are at 
right angles to it and the orifices of the second tube are 
of a size and shape to prevent induction effects. Two 
kinds are in general use. Both are substantially the same 
except for the form of the static openings. The Taylor 


pitot tube used in testing most of the fans purchased by 





FIG. 3. CONVENIENT FORM OF U TUBE DRAFT GAGE 


the United States is shown in Fig. 2.’ The single mem- 
ber projecting to the left, which is the end that receives 
the pressures, consists of two concentric tubes, the 
inner one open at the end and in communication with 
the right hand connecting tube, and the outer one, 
closed at the end by a tapering piece which does not 
disturb the flow, which has two long narrow slots com- 
municating with the annular space between the two 
tubes, which communicates with the left hand con- 
necting tube. 

The pinhole pitot tube, so called, is the same except 
that it has four small ‘‘pinholes,’’ two on each side in 
place of the slots. Most commercial fans are rated on 
the basis of tests using this form of tube. 


Drarr GAGES 


Warer gages for indicating the pressures are of 
many forms but all are essentially U tubes either with 
both legs of the same diameter or with one leg so much 
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greater in diameter than the other that the entire volume 
of the lesser bore does not appreciably alter the level in 
the greater. If the U tube is partly filled with liquid 
the difference between the pressures impressed upon the 
surfaces of the liquid in the two legs will be indicate 
by the difference in the level of the liquid in the two legs, 

For ordinary testing, only two simple forms will }s 
found necessary, the plain vertical U tube with sca 
attached shown in Fig. 3 for pressures of an inch of 
water column or more and the inclined differential gag 
shown in Fig. 4 for smaller pressures. This type of 
gage usually uses an oil of a certain specific gravity, jp. 
stead of water, but the scale reads in inches of water. 

In addition to the pitot tube and draft gave suff. 
cient rubber tubing is required of good quality and per. 
fectly airtight to reach from the point of measurement 
to the draft gage and a Y connection for the same. Also 
a good thermometer to measure the temperature of the 
gas. Some pitot tubes have solder used in their con. 
struction. Such instruments are obviously unsuited for 
use in temperatures which will melt the solder. 


CONNECTION ARRANGEMENT 


TO DETERMINE the volume flowing in a duct by the 
pitot tube method, the procedure is as follows. Select 


FIG. 4. ELLISON DIFFERENTIAL DRAFT GAGE 


a place where the flow is likely to,be as undisturbed as 
possible. There should be a length of at least 15 
diameters of straight flue upstream from the point of 
measurement. Attach two draft gages to a firm sup- 
port in a convenient location. If the differential gage 
is used, and it usually should be for velocity pressures, 
be sure it is set level in both directions. The impact side 
of the differential gage is at the upper end of the in- 
clined leg. Connect first one side and then the other of 
the pitot tube to the impact side of the draft gage with 
the rubber tube and test for tightness by blowing up 
considerable pressure and trapping it by closing the 
openings in the pitot tube. If the pressure does not 
drop it shows that pitot tube and tubing do not leak. 
If the pressure does drop there is a leak which must be 
eliminated to insure correct readings. 

Connect the impact side of the pitot tube to the im- 
pact side of the draft gage that is to be used to measure 
the velocity pressure and the static side of the pitot tube 
to the other side of the velocity draft gage, with a Y con- 
nection in the tubing. Connect the branch of the Y to 
one leg of the other draft gage. Figure 5 shows the 
arrangement. It is evident that the gage to which both 
sides of the pitot tube are connected indicates the differ- 
ence between the pressures impressed on the two sides 
of the pitot tube, that is the difference between the im- 
pact pressure which is the sum of the static and velocity 
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pressures, and the static pressure alone, or it indicates 
the velocity pressure direct. The other gage indicates 


the static pressure. 
READINGS AND CALCULATIONS 


Provipe openings through which to insert the pitot 
tube into the duct, so located that readings can be taken 
in the centers of numerous equal areas over the entire 
area of the duct. In the case of round pipes the read- 
ings are usually taken across two diameters at right 
angles to each other the locations being at the centers of 
zones of equal area. The positions can be determined 
before readings are taken and marked on the shank of 
the pitot tube. Before cutting more than the first hole 
in the duct it is well to explore the whole area with the 
pitot tube through the first hole, observing the indica- 
tion of the static gage. In order that the velocity pres- 
sure readings be correct, the static pressure must be the 
same all over the duct. If it is not, obviously there must 
be flow from points of higher to points of lower pres- 
sure, transversely of the duct, which means that the flow 
is not in straight lines parallel to the sides of the duct 
and so the velocity cannot be used to obtain an accurate 
volume. If the static pressures are not very nearly the 
same it is best to try to find another location where 
they are. 

Record the zero reading of the impact gage for each 
observation. This is better than trying to set it at actual 
zero and serves as a check on any movement of the 
gage or loss of liquid. Traverse the pipe and record the 
velocity head at each predetermined point. The pitot 
tube should be held pointing directly upstream. This 
is when the gage reading is a maximum if the flow is 
parallel to the sides of the duct. Compute the velocity 
for each reading from ‘the formula 

Velocity, ft. per minute — 1097 times the square 

root of (Gage reading in in. of water divided by 

wt. of one eu. ft. of gas.) 
The weight of 1 cu. ft. of gas is obtained by multiplying 
the weight of 1 cu. ft. at 32 deg. F. and pressure 29.92 
in. by the proportion obtained from the expression 
492 P + 29.92 





460 + t 29.92 
in which t is the temperature of the gas as observed and 
P the observed barometer pressure in inches. A ther- 
mometer should be inserted in the duct near where 
readings are taken and its indication recorded frequently 
for this purpose. 

The average of all the velocities thus obtained is the 
average velocity in the duct and this multiplied by the 
area of the duct in square feet is the volume passing in 
cubic feet per minute. 

In boiler practice when it seems to be impossible to 
get reliable volume readings by either the anemometer 
or pitot tube method, resort can be had to calculation 
from the amount of fuel burned, the analysis of the 
fuel and the analysis of the gas at the fan. 


Work or FAn 


TO DETERMINE the work done by the fan, it is neces- 
sary to know in addition to the volume handled, the 
total pressure imparted to that volume by the fan. This 


ENGINEERING 49 


is obtained by means of the pitot tube and water gage, in 
a manner analogous to the determination of the velocity 
pressure, using only the impact side of the pitot tube 
connected to one side of the draft gage. The average 
impact pressure in the duct leading to the fan is meas- 
ured and the average impact pressure in the duct lead- 
ing from the fan is also measured. These readings 
should be taken as near the fan as it is possible to get 
steady gage readings. The difference between these 
two average pressures is the pressure produced by the fan 
and the work done by the fan is obtained by the formula 
(for small pressure differences) 
Qh 


Air horsepower = —— 

345 
where Q is the volume in cubie feet per minute and h 
is the gain in impact pressure in inches of water column. 
When the impact pressure readings are not taken 
right at the fan, the friction loss between the fan and 
points of reading should be calculated and added to the 
pressure gotten by subtracting the impact readings, be- 
cause the pressure loss between the two points of reading 











FIG. 5. USE OF PITOT TUBE AND DRAFT GAGES 


is not included in the readings, but is included in the 
pressure produced by the fan. 

The formula for friction loss is 

kSV? 
Friction loss in in. of water = —— 
A 
where S is the rubbing surface in square feet; V is the 
velocity in feet per minute; A is the area in square feet 
and k is a constant depending on the nature and condi- 
tion of the surface. Its value for clean metal flues may 
be taken as 0.000,000,000,4 and for brick flues as 
0.000,000,000,8. 

The air horsepower divided by the horsepower input 
to the fan gives the fan efficiency. 

The methods of determining by test the horsepower 
of all of the various types of machines used for fan driv- 
ing is not within the scope of this article, but in most 
cases they are probably better known than the methods 
of measuring the work done by the fan and their capaci- 
ties can usually be obtained from the makers. The only 
instruments necessary, indicators, pressure gages and 
speed counters for steam machines, and ammeters, volt- 
meters, and wattmeters for electrical machines, are 
nearly always at hand, and their use is understood. 
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It is well to compare the result of the fan test with 
the fan manufacturers’ tables or curves of capacity. If 
the results fall on the curves or tables, it is an added, 
assurances of their correctness. If they do not, an ex- 
planation should be sought, because the data of the rep- 
utable manufacturers are obtained under more favor- 
able conditions than prevail in almost any installation, 
and are entirely reliable. 

In conclusion, the writer would like to point out that 
usually greater economies can be obtained by improve- 
ments in the system connected to a fan than by any 
change in the fan itself, unless it is much unsuited to 
its work. 

The elimination of leaks either into or out of the 
system or through dampers is often a great saver of 
power. These can be found by volume measurements 
or gas analyses at successive points. 
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The elimination of unnecessary pressure losses due 
to constricted areas at dampers and elsewhere, and ty 
abrupt changes of direction or velocity, can often be 
accomplished at slight expense and show a large pow, 
saving. Such bad points can be found by observing th, 
drop in pressure from point to point along the duct anj 
where a sudden large drop occurs, seeking the cause. 

Where several fans are used on the same syste, 
economy often results from a study of the best combina. 
tion to operate for a given load. A study of the aj 
requirements for various conditions and of the fan pep. 
formance curves will result in running such apparaty 
as will operate at or near its best efficiency at all time 
The fact is frequently lost sight of that a fan may 
so lightly loaded as to be very inefficient and sometime 
a saving of power can result from shutting down a fay 
and letting the others take its load. 


Keeping the Steam Engine Tuned Up 


Looking AFTER THE Various Deramts. TESTING FoR LEAKAGES. 
Correct RECEIVER PRESSURE. 


- DIAGRAMS. 


HE STEAM ENGINE is so old and has been writ- 

ten about for so many years that it would seem as 

though to attempt to write anything new on it were 
next to impossible. What is necessary to the upkeep of 
this prime mover is generally understood, but the writer 
will endeavor to cover briefly some of the points which 
may be overlooked even by some of the best engineers in 
the operation of steam engines. 

We will first cover briefly the upkeep of the principal 
parts of the engine, going into the inspection, operation 
and remedy of defects which are often found. Second, 
we will take up indicating, valve setting, adjusting, reg- 
ulation, ete., and joints which make for the bettering 
of operating conditions, from a thermal standpoint. 


BEARINGS 


THis part of any prime mover needs more attention 
than any other and it is especially true of the steam 
engine. No matter how sure the operating engineer is 
of his positive, or other type of oiling system, he should 
at short intervals inspect and feel each of the important 
bearings on his machine. Now and then he will notice 
that a crankpin, wristpin, or main bearing has too much 
play. As soon as this is noticed, no time should be lost 
in keying up, or in the event of the main bearings, the 
quarter boxes should be adjusted by means of the wedges, 
or set screws, or by whatever means are provided. 

In the case of the bearing with a spherical seat, there 
is always a double wedge adjustment for both quarter 
boxes, and care and judgment must be used in taking 
up on each in such a way that the center of the shaft 
is not thrown out of the center line of the lower shell. 
If this course is not adhered to, the bearing will heat 
badly. Always use a feeler as much as possible when 
adjusting bearings. Likewise a feeler should always 
be used after adjusting the crosshead shoes. The clear- 
ance between the upper shoe and guide should be about 
0.007 in. It is sometimes advisable to use an inside cal- 
iper, or preferably a pin gage, to see that the crosshead 
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shoes are so adjusted that the piston rod is parallel with 
the lower guide. This should be done with the crosshead 
on the crank end dead center. A bearing which has 
just been taken up should be watched very closely after 
starting for the first time, to see that it does not over. 
heat. 

ALINEMENT 


IF AN engine is out of line, it is usually shown by 
some of the bearings heating; as, if one main shaft bear. 
ing is ahead or behind the other, or higher or lower, the 
erankpin bearings would first show distress, then pos- 
sibly the main bearings. A good level placed on the 
main shaft may be used to check-up the bearings for 


height. If the indications are that the two main bear. 
ings are not in line, they should be checked by removing 
the main bearing cap dnd one quarter box, and by the 
use of a pin gage between the center of shaft and frame 
jaw, used first on one end of the bearing and then on 
the other. 

The only way to determine whether the cylinders are 
in line with the frame is to remove the piston, piston rod, 
connecting rod and crosshead, and run a line through 
the cylinder and ways. In the case of a compound en- 
gine where the foundation has settled, or is believed to 
be out of line, it is best to pull the rods, shaft, ete., out 
and reline, using lines, pin gages and levels. 


Om System 


THERE are so many types of oiling systems that we 
will only touch upon some of the important points to 
look out for, which might apply to any of them. The 
oil pump valves should be inspected occasionally, as 
often small pieces of waste and other foreign matter 
lodge between them and their seats. The piping should 
be watched for stoppages; any portion of this is readily 
taken down on modern installations without interfering 
with any other part. If an oil filter is used, this must 
be cleaned out and new filter bags put in, water drawn 
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The different bearing sight feeds should be 
carefully scrutinized several times a day, as often foreign 

matter will lodge between the needle valve and its seat 
and cut down the oil flow. 


VALVES 


Vatves of a Corliss do not need much attention, but 
they must be kept tight and may be tested in the follow- 
ing way : 

Taking first the head end steam and exhaust valves, 
place the engine on the crank and dead center, close both 
steam valves (simply unhook and the dashpots will close 
them) disconnect the connection between the head end 
exhaust valve and wristplate, and block this valve so 
that it will remain in the closed position. Now open the 

x — 


‘ 


Stroke of engine =A B 
Stroke of engine = A 4, 8 
Lb 





rf 
< 8 
Fig. 1. SKETCH OF PANTOGRAPH REDUCING MOTION, X, Y AND 
Z MUST ALWAYS BE IN A STRAIGHT LINE. FOR A REDUCED 
STROKE OF ENGINE, SHORTEN A AND B, UNTIL 
WITH THE SHORTER MOTION OF X, Y TRAVELS 


THE SAME DISTANCE AS BEFORE, 4 IN., KEEP- 
ING X, Y AND ZIN A STRAIGHT LINE 














head end indicator cock and slowly open the throttle. 
If the steam valve leaks, steam will blow through the 
open cock. To test the head end exhaust valve, open 
the head end steam valve, close the indicator cock and 
open throttle slowly to build up pressure, then from some 
point in the exhaust line inspect for steam passing. 

To test the crank end valves, place the engine on the 
head end dead center and repeat the above. In the case 
of a compound engine, a small leakage in the high pres- 
sure cylinder exhaust valves is of no consequence, as 
this steam passes to the receiver and is used in the low 
pressure cylinder. 

PISTONS 
THeEsE are of either one of two types, the box, or the 


built-up, “the small size engirie using the former. The 
rings of the box piston can be inspected only by remov- 
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ing the piston from the cylinder, but the built-up type 
may~be thoroughly inspected by removing the follower, 
and then the junk ring. If it is deemed advisable to 
test either type of piston for leakage, this may be done 
as follows: 

Remove the cylinder head, place the engine on the 
head end dead center, close the head end steam valve and 
the crank end exhaust valve and open the crank end 
steam valve; then slowly open the throttle and build 
pressure up behind the piston. Any amount of leakage 
is then readily seen. 


VALVE Morion 


THESE bearings must be well lubricated and kept 
free from play. The packing gland of the steam valve 














\ 


FIG. 2. CARDS FROM COMPOUND ENGINE, RECEIVER PRES- 
SURE 28.5 LB. 





stem must not be kept so tight that the dashpots are 
unable to close the valves readily. The drop rods to 
the dashpots should be of such a length that when the 
pot is down and the hooks are at the low end of their 
travel, there is 1/32 in. clearance between the engaging 
hook plate and the steam arm plate. 

From time to time it will be found necessary either 
to renew or to change the contact side of the hardened 
steel plates on the steam hook and steam lever arm. 
This is made necessary by the sharp corner finally be- 
coming rounded due to continuous operation under 
rather severe conditions. 


GovERNORS 


THIS very important piece of mechanism must be 
gone over occasionally to see that all parts are free, and 
now and then the pins must be renewed or there will be 
considerable lost motion, which is a great handicap to 
the proper functioning of the governor. If the governor 
is one of the late design, high speed, spring tension or 
compression ‘types, with its own circulating oiling sys- 
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tem, it should run for Iong periods without attention, 
except for the changing of oil. 


INDICATING 


Tus should be done at least every six months, and 
oftener if any peculiarities develop in the engine which 
cannot be detected by other means. If the engine is a 
compound, it is preferable to use an indicator on the 
high-pressure and low-pressure cylinders simultaneously ; 
this is especially necessary when the engine is one carry- 
ing a fluctuating load. If only one indicator is avail- 
able, this is far better than none, as even with a varying 
load it may be used first on the high-pressure, then on 
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everal times to see that it does not bind. The next thing 
is to select the proper spring and place this in the inde 
eator. In doing this, remember that the diagram mug 
not be over 2 in. in height. For instance, if the pressuy, 
at the throttle is 100 lb., a spring marked 50 lb. woulg 
be suitable; for 150 lb., a 75-lb. spring should be used, 
and so on. 

Two types of reducing motion are in general use, 
the reducing wheel and the pantograph. The Writer 
favors the latter and believes that if engineers will use 
only the pantograph, they will find it more convenient, 
easier to handle, and more accurate. The writer has 
found that most operating engineers do not indicate 
often, if at all, due to the bother of rigging up the re. 
ducing motion ; he will, therefore, show a sketch (Fig. 1) 
which gives the correct proportioning of a pantograph 
for producing a 4 in. card with various lengths of engine 
strokes. This is a very satisfactory reducing motion to 
operate, is accurate, and easily constructed. This should 
be made up of 14 by 114 in. steel, using 3 in. cap screws 
at the joints. 

If the engine is a compound, two pantographs must 
be built, one right and the other left hand. These may 
be supported from extension studs screwed into the 
frame, or if this is impossible, a simple support from the 
concrete or wooden floor may be used, which will answer 
the purpose. 

Reasons for indicating: 

1. To see that the valve setting is correct. 

2. To determine drop in pressure through ports, 
throttle and valves. Also the amount of back pressure 
in the cylinders and exhaust lines. 

3. Horsepower developed. 

4. If a compound, it is the only means of knowing 
how the work is proportioned between the two cylinders. 





MINCE 

















FIG. 3. CARDS OF FIG. 2 COMBINED 


the low-pressure cylinder with a view to checking valve 
setting and other defects, but it is useless to determine 
the indicated horsepower when this is the case. 

Most modern engines are sold with suitable indicator 
piping and a three-way cock for each cylinder. This 
three-way cock is made to take the standard indicator 
cock without additional fittings. Before attaching the 
indicator the piping should be thoroughly blown out. 
This may be done with the engine running, simply by 
opening the angle valves, then the three-way cock, first 
one way and then the other. Care should be used to 
see that the indicator piston is screwed on tight and it 
should be well lubricated with cylinder oil. After re- 
placing the piston it is well to move it up and down sev- 


The writer will take the four reasons for indicating, 
as outlined above, and will discuss the first three briefly, 
but will go into the fourth in detail, due to its impor- 
tance and the fact that it is usually ‘overlooked. 

1. The crank and head-end cards should have the 
same area, thus showing an equal amount of work in 
each end of the cylinder. The steam line should be 
parallel to the atmospheric line, or nearly so, and if the 
engine is high-speed, this line should fall off only slightly. 
Release should come slightly before the end of the stroke. 
Compression should start so that the final compression 
pressure is aproximately one-half the initial pressure. 
The admission line should be perpendicular to the at- 
mospherie line. If it leans slightly toward the toe of 
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the diagram, it shows insufficient lead, and if the reverse 
is true, too much. 

9. If we place a calibrated gage on the engine at 
the throttle and read it at the time of taking a card, we 
are able to determine the loss in pressure, due to wire- 
drawing through throttle valve and ports. It is neces- 
sary only to scale off the card pressure from the atmos- 
pheric line to the steam line. The difference between 
this pressure and that shown on the gage represents this 
loss, which in good practice should be from 3 to 5 lb. 
If more than that, it may be due to too small a steam 
separator, or throttle, or that the throttle is not wide 
open, or that the ports are not of sufficient size. 

The back pressure in the cylinder, as shown by the 
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atmospheric line. In the former case, after determining 
the area, divide it by the length of the card, which gives 
us the average height; this multiplied by the scale of 
the indicator spring is the mean effective pressure. If 
the ordinate method is used, add the 10 lengths together 
and divide by 10; this result multiplied by the seale of 
the indicator spring is the mean effective pressure. If 
the ordinate method is used, add the 10 lengths together 
and divide by 10; this result multiplied by the seale of 
spring is the mean effective pressure. * 

After the mean effective pressure has been found for 
both head and crank ends take the average and substi- 
tute in the formula given below to determine the indi- 


cated horsepower. 











a em. 


FIG. 4. CARDS WITH RECEIVER PRESSURE 17 LB. 
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FIG. 5. CARDS OF FIG. 4 COMBINED 
card, should be within a pound of the exhaust pressure ; Plan X 2 
in the line, if non-condensing, and within half a pound, L.hp. = 
if condensing. 33,000 
3. To determine the indicated horsepower being de- Where P=M. E. P. (average mean effective pres- 
sure). 


veloped by an engine where the load is constant, three 
or four sets of cards should be taken. If the load is 
fluctuating, three or four times that number are neces- 
sary to get accurate results. If a compound is being 
indicated, high-pressure and low-pressure eards must 
be taken simultaneously. 

In working up the cards, the area of each must be 
carefully determined either by planimeter, or by laying 
off ten ordinates equivalent and perpendicular to the 


Where 1 = length of stroke in feet. 

Where a= area of piston in inches. 

Where n=—r. p. m. 

4. Few engineers operating compound engines real- 
ize that there is one correct receiver pressure for an en- 
gine with their steam conditions (regardless of the 
amount of load). In a compound, if we want to change 
the load distribution between the high and low-pressure 
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cylinders, it is done by changing the low-pressure cylin- 
der cut-off which changes the receiver pressure. Thus 
if we want to raise the receiver pressure, we shorten the 
cut-off of the low-pressure cylinder. To lower it, the 
cut-off of the low-pressure cylinder is increased. 

Every engineer has heard something of the ideal in- 
dicator card, the card so constructed that the expansion 
curve is the isothermal for gas (PV — Constant), which 
means that during expansion the temperature of gas 
would remain constant. The more nearly the actual indi- 
cator card can be made to approach the ideal card, the 
higher the economy. The engineer who is operating a 
compound to get the best results should take a set of 
cards with various receiver pressures, and either combine 
them himself or have someone do it for him. (See article 
‘Combining Indicator Cards’’ by the Author, Power 
Plant Engineering, February 15, 1918). The receiver 
pressure corresponding with the set of cards which, when 
combined, most nearly approaches the ideal, is the correct 
one to use. 

So important is this question of the correct receiver 
pressure, that the writer is going to show cards and com- 
bined cards.of a compound with which he had occasion 
to experiment quite recently. 

Figure 2, shows high and low-pressure cards of this 
compound, with a receiver pressure of 28.5 Ib. gage. 

Figure 3, shows these cards combined. 

Figure 4, shows high and low-pressure cards, with a 
receiver pressure of 17 lb. gage. 

Figure 5, shows these cards combined. 

From the actual indicator ecards as taken, they all 
look good, but on combining, we find that the cards taken 
with the high receiver pressure do not approach the 
isothermal expansion line. 

Tests were run with these two receiver pressures, and 
with the same high-pressure cut-off, and approximately 
the same steam conditions in each ease, the following 
results were obtained : 
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Receiver pressure, lb. gage............. 28.5 1 
Steam pressure at throttle, lb. gage...... 169 1734 
Vacuum at condenser, in mercury....... 27.55 279 
Total ihp. developed..................- 148 162 
Pounds dry steam per i.hp.............. 14.57 127 
Pounds dry steam per hour............ 2179 2050 


Summing up the above results, this engine wiien op. 
erated with 17 lb. receiver pressure used approximately 
the same total steam per hour and developed 9.5 per cent 
more power. This actual case demonstrates clearly the 
importance of operating an engine with the correct re. 
ceiver pressure. 


SPEED REGULATION 


WHEN we speak of the regulation of any prime 
mover, we refer to the per cent increase in speed between 
full and no load. Thus if we have an engine which with 
full load runs at 100 r.p.m., and with no load has a speed 
of 103, the regulation would be 3 per cent. This may 
be determined in the following way: 

With full load, count the speed with a speed indi. 
eator. This we will say is found to be 100 r.p.m. Then, 
with no load, do the same. This speed we find to be 
103; then the per cent regulation is (103 — 100) -:- 100 


—X100=3. 


The regulation of engines varies with the class of 
service for which the engine is built. It usually is found 
to be from 2 to 4 per cent. 

From now on, more and more will be demanded of 
the power plant engineer, due to the ever increasing cost 
of fuel and at the same time greater demand for power. 
He must, therefore, keep every part of his plant working 
at the very highest point of efficiency, and it was witha 
view to helping him get better results with his engine 
that the writer was asked to contribute this short article. 
Space does not permit of going into great detail, yet he 
hopes that some benefit may be derived from his efforts. 








Generator Testing 


INSPECTION, INPUT AND OuTPUT MEASUREMENTS 
AND REGULATION. By Orromar H. HENSCHEL 





T IS IMPORTANT TO SEE that the bearings and 
| journals of dynamo electric machines are in good 

mechanical condition, in proper alinement and so 
adjusted as to provide a uniform air gap at all points 
along the periphery of the revolving member. A wooden 
wedge of the form shown in Fig. 1 and graduated in the 
manner indicated will prove extremely useful in the 
checking up of air gap widths. 

When starting a new machine, or one having been 
out of service for some time, remove the top bearing caps 
and raise the rotor or armature sufficiently high to give 
access to all parts of the shaft and lower half of the 
bearing. After cleaning well with a piece of cloth 
saturated with kerosene, carefully wipe these parts sv 
as to remove all traces of dirt, grime or other substances 
which may have a tendency to cause heating. 

If the oil well contains old or dirty oil, remove this 
and fill with clean kerosene to such height as will bring 





the surface of the kerosene in contact with the oil rings. 
After a half hour or more, remove the kerosene and wipe 
the well out thoroughly. 

Use only a high grade of oil, and when filling the 
well pass the oil through a strainer, bringing it up to 
such a height as will insure a copious supply to the shaft, 
with the rings working properly. 

Heating may be generally attributed to any of the 
following causes: (a) sticking of oil rings; (b) excessive 
belt tension; (c) rough bearing surface; (d) improper 
alinement of bearings or fitting of journal boxes; (e) 
lack of end play. 

In the event of heating, feed the bearing an abundant 
supply of heavy oil, loosen the top bearing caps and, if 
belt driven, slacken the belt. Should the heating under 
this treatment not subside, shut down, care being taken, 
however, to prevent ‘‘freezing’’ by keeping the machine 
running slowly until the shaft’ is cool. 
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Frequent inspection of the bearings is advisable, 
especially in the ease of high-speed machines. 


BRUSHES AND COMMUTATOR 


To PREVENT ‘‘GROOVING’’ of the commutator, the 
brushes of one set should always be placed in a position 
staggered to those of the set following, and to insure 
proper commutation, the various sets of brushes must be 
spaced equidistant about the periphery of the commu- 
tator. To check this, measure the distance between the 
heels or toes of the various sets of brushes by inserting 
below the brushes a strip of paper about 1 in. wide, and 
equal in length to the cireumference of the commutator 
and having placed upon it equally spaced pencil marks 
equal in number to the number of sets of brushes em- 
ployed. By alining the toe of one brush with any one 
of the marks on the strip of paper, the toe of each of the 
other brushes ought to coincide with the remaining 
marks. If not, adjust the faulty sets until this condition 
is realized. 

Attention should be given the pressure of the brushes 
upon the commutator. Brush tension may range from a 
minimum of 2 lb. per square inch to a maximum of 5 Ib. 
per square inch, depending upon the characteristics of 
the brush, and the speed and mechanical condition of the 
commutator. Generally, however, tensions of 2.5 to 3.5 


Fig. 1. GAGE FOR CHECKING AIR GAP 


lb. per square inch are used on commutators, and 3 to 5 
lb. per square inch on slip rings. 

Brush tension may be conveniently determined by 
means of a small spring scale in the manner indicated 
in Fig. 2. 

To provide proper contact surface between the 
brushes and the commutator, insert a strip of sand- 
paper, with the rough side toward the brush face, be- 
tween the brush and the commutator, and with the brush 
in position, draw the sandpaper in the direction of rota- 
tion, repeating this as often as necessary to secure a 
smooth face; do not allow the sandpaper to come in con- 
tact with the brush during the return strokes. 

Commutators, at all times, must be maintained as 
smooth as possible, and if unduly worn so as to cause ex- 
cessive sparking, turning down should be resorted to. 
After this has been done and the entire surface given a 
smooth finish, the commutator should, within a short 
time, provided it is receiving the proper care, acquire 
a highly polished surface. 

High mica is a common source of sparking, but may 
be avoided by undercutting. 


CONNECTIONS AND WINDINGS 


_ Eacw Time the machine is shut down, all accessible 
binding posts and connections should be carefully ex- 
amined and tried out and if found loose, should be 
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tightened or resoldered, as the case may be. The wind- 
ings ought likewise be looked over and, if dirty, should 
be blown out and wiped off. 


MEASUREMENT OF INPUT 


WHERE the driving unit is a steam or internal com- 
bustion engine of the reciprocating type, the amount 
of energy delivered to the generator may readily be de- 
termined from indicator cards. By taking a card first 
with the set running unloaded, and then another under 
load, caleulating the number of horsepower developed in 
each case and taking the difference, we secure the total 
number of effective horsepower. To reduce this to kilo- 
watts, multiply by 746 and divide the product thus ob- 
tained by 1000. 

The indicated horsepower of a reciprocating steam 


‘engine is obtained by dividing the product of the number 


of pounds of mean effective pressure, the length of stroke 
in feet, the area of piston in square inches and the num- 
ber of strokes per minute, by 33,000, the various factors 


FIG. 2. METHOD OF CHECKING BRUSH PRESSURE 


involved, except the mean effective pressure, being se- 
cured by measurement and count. By employment of the 
method of ordinates or the use of a planimeter, the mean 
effective pressure may be readily obtained from the 
indicator cards. 

To use the method of ordinates, erect a series of 
equally spaced ordinates perpendicular to the atmo- 
spheric lines, as indicated by aa’, bb’, ce’, ete., in Fig. 3. 
Midway between these erect a second set of ordinates as 
1'1, 2’2, 3’3, ete. The average of the sums of the lengths 
of these numerically designated ordinates measured in 
inches and multiplied by the scale of spring employed 
will give, as a product, the mean effective pressure in 
pounds per square inch. 

If the machine is of the belted type, the number of 
horsepower transmitted by the belt is approximately ob- 
tained by dividing the product of the velocity of the belt, 
in feet per minute, and the width of the belt, in inches, 
by 550. As in the foregoing instance, this may be re- 
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duced to kilowatts by further multiplication by 746 and 
dividing the result by 1000. - 


OuTPuUT 


ALTHOUGH THE OUTPUT of a generator can be calcu- 
lated from the ammeter and voltmeter readings (and in 
the case of alternating-current work, power factor meter 
readings) more accurate results may be had by the em- 
ployment of properly calibrated wattmeters and under 
variable load conditions, watthour meters. 

Voltmeter, ammeter and wattmeter (or watthour 
meter) connections for output measurements of a two- 
wire direct-current generator are shown in Fig. 4; with 
properly calibrated instruments, the product of the in- 
stantaneous readings of the voltmeter and the ammeter 
should correspond with that of the wattmeter. 

Connections of instruments used to measure the out- 
put of single phase alternating-current generators are 
similar to those used for two-wire direct-current work, 
but due to the characteristics of alternating current ap- 
paratus, the output of the machine as indicated by the 
volt and ammeter readings is only the same as that indi- 
cated by the wattmeter when the power factor of the 
circuit supplied is at unity or 1. In order, therefore, to 
secure the actual number of watts delivered by a single- 


ae 
be 


a’ 4; ¢ 
y, . 





ot 


c er 4 I a 
ATIIOSPHERIC L/NME- 




















de 






































FIG. 3. THE AVERAGE LENGTH OF THE NUMERICALLY DESIG- 
NATED ORDINATES WHEN MULTIPLIED BY THE SCALE OF 
SPRING USED WILL GIVE THE MEAN EFFECTIVE 
PRESSURE 


phase alternating current generator, it is necessary to 
multiply the product of the volt and ammeter readings 
by the power factor expressed as a decimal. 

Where the machine is of the two-phase type, the out- 
put, according to volt and ammeter readings, is equal to 
twice the product of the number of volts indicated, the 
number of amperes of current flowing through any one 
conductor, and the power factor; this, however, under 
the assumption that the phases are balanced. Under un- 
balanced conditions, each phase must be treated as a 
separate single-phase circuit and the results added. 


In the case of a three-phase generator supplying cur- 
rent to a balanced load, but one ammeter connected in 
series with any one of the three leads, and a single volt- 
meter connected across any two of the lines, are neces- 
sary. Multiplying the square root of 3 by the number 
of amperes flowing through any one line times the volt- 
age across any two of the lines times the power factor 
will give as a result the output of the machine in watts. 

Under conditions existing in a purely non-inductive 
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balanced circuit, the measurement of energy may be by 
means of a single wattmeter connected as shown in Fig 
5, while on unbalanced systems, either inductive or no, 
inductive, two single-phase wattmeters connected ag jy 
Fig. 6, are necessary. The algebraic sum of the reading 
gives the total energy delivered. 


FIELD AND ARMATURE LOSSES 


By INSERTING a low-reading ammeter in the shunt 
circuit and connecting a voltmeter across the terminal 
of that circuit in the manner indicated in Fig. 7, th 
shunt field excitation loss expressed in watts may be ob. 
tained from the product of the instantaneous volt and 
ammeter readings. About 20 per cent of this loss will 
be in the field rheostat. 

The series excitation loss is equal to the product of 
the total current delivered by the machine and the con. 
bined parallel resistance of the series field coils and the 
series shunt. — 

If the resistance of this is not known, it may be quite 
readily obtained by employing a Wheatstone bridge, or 
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if such an instrument is not available, the voltmeter- 
ammeter method will prove satisfactory. Use the scheme 
of connections indicated in Fig. 8, where V is the volt- 
meter, A the ammeter, SF and SS the series field and 
series shunt respectively under test, B a low-voltage 
battery, and CS the control switch. Upon closing the 
switch, a flow of current is established, the rate of which 
is as indicated by the ammeter A, while the reading of 
voltmeter V indicates the voltage applied across the 
terminals of the series field and its shunt. The resist- 
ance, in ohms, of the circuit under test will then be equal 
to the quotient obtained by dividing the voltmeter read- 
ing by that of the ammeter. 

To determine the copper losses occurring in an arma- 
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ture, it is necessary to determine, first, the resistance of 
the armature winding, which in the case of a two-pole 
machine armature may be done by the volt-ammeter 
method with the scheme of connections shown at A, Fig. 
9, With a low-voltage current flowing through the 
armature, note the reading of the instruments and cal- 
culate the resistance of the armature winding by divid- 
ing the number of volts indicated by the reading of the 


ammeter. 
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CONNECTIONS EMPLOYED TO MEASURE OUTPUT OF 
3-PHASE GENERATORS SERVING UNBALANCED, 
INDUCTIVE LOADS 


Fic. 6. 


In the case of a four-pole machine, use the scheme of 
connections indicated at B, Fig. 9, and where a six-pole 
machine armature is under test, employ the connections 
shown at C, care being taken, however, to see that the 
test contacts are properly placed. Where the armature 
is that of a two-pole machine, place the test contacts 
diametrically opposite to one another, while in the case 
of a four-pole generator armature, these will have to be 
placed on the quarter; in a like manner, six and eight- 
pole machine armatures will require placing the test 
leads 60 and 45 deg. apart respectively. 

Actual contact of the instrument leads may be made 


th 


CS AIIMETER 


YOLTMETER 





ARMATURE 

















| @| AMMETER 


F16.7 





FIG.8 


FIG. 7. CONNECTIONS EMPLOYED IN DETERMINING SHUNT 
FIELD LOSSES 
INSTRUMENT CONNECTIONS USED TO DETERMINE 


RESISTANCE OF SERIES FIELD AND SHUNT 


Fig. 8. 


by temporarily soldering these to the proper segments. 
With the instrument leads connected to the brush hold- 
ers, as is frequently done, accurate results will not be 
obtainable, due to the voltage drop caused by brush and 
brush contact resistance, which may be from 1-to 2 v. 
For all practical purposes, however, brush and brush 
contact resistances should be taken into consideration. 

Knowing the value of the resistance of the armature 
winding, the loss in watts occurring in the armature 


under any given load may be readily calculated by multi- 
plying this factor by the square of the number of am- 
peres of current flowing. 


Friction Losses 


FOR MODERATE SPEED BEARINGS with ring lubrication 
and light machine oil, the friction loss for each bearing 
may be approximately determined by multiplying the 
product of 0.8 of the bearing diameter in inches and the 
bearing length in inches by the result obtained in raising 
to the two-thirds power the quotient of the rubbing 
velocity in feet per minute divided by 100. 
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Fig. 9. 


The total losses due to friction in any given generator 
are obtained by noting the amount of power required to 
drive the machine idle and with all field connections 
open to prevent the building up of voltage. 


EFFICIENCY AND REGULATION 


IN THE CASE of any generator, the input plus the sum 
of the various losses is equal to the output, and the effi- 
ciency of the machine may be expressed as the ratio be- 
tween the output and the input, which multiplied by 100 
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will present it on a percentage basis. Where the gen- 
erator in question is of the alternating-current type, the 
output must be expressed as the product of the square 
root of 3 times the voltage across any two lines, times 
the current flowing through any one line times the 
power factor expressed as a decimal. 

Average efficiencies of generators of various capaci- 
ties are aS shown in Fig. 10. Similar curves for any 
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machine may be obtained by plotting the efficiencies at 
various loads, the per cent efficiency for each point be- 
ing secured in the manner stated above. © 

Voltage regulation of a generator which is the per- 
centage of the full-load terminal electromotive force that 
the terminal electromotive force decreases from no load 


to full load, varies not only with the type of generator . 


but also to some extent according to the inherent char- 
acteristics of the individual machine. It may be ob- 
tained by dividing the difference between the full-load 
voltage and the no-load voltage, by the full-load voltage, 
the voltage readings being taken with the speed of 
the machine constant. 

Assume a machine having a no-load voltage of 110 
and a full-load voltage of 100; its regulation would 


then be equal to the difference between 110 and 100, diy, 
ded by 100, or 10 per cent. 

Except in power service where a considerable drop 
in voltage. results in a heavy current flow, voltage reg. 
lation has practically no effect upon the efficiency of , 
generator. 

In going over any generator for the purpose of dis 
covering, reducing and eliminating unngecessary loss 
the inspection of the mechanical parts of the machine 
such as the bearings, the condition and working gf 
brushes and commutator, and the condition of the vari. 
ous joints and connections, would be the first in order 
This should then be followed by tests for the determing. 
tion of friction and windage losses and those occurring 
in the various windings. 


Steam Turbines 


INSPECTION AND TestTiInc. By A. D. BatLey 


HILE MANUFACTURERS of steam turbines 

have been gradually improving the efficiency and 

reliability of this type of prime mover, additional 
responsibility has been placed upon the engineers who 
operate this equipment to maintain this high efficiency. 
This improvement has been brought about not only by 
changes in design, but by better workmanship, more 
careful construction and observance of the most minute 
details of construction so far as the operating parts of 
the turbine are concerned, hence the wonderful effi- 
ciencies being obtained with the more recent turbines 
can be maintained only by keeping this equipment in 


first class condition and by observing all the fine points. 


of operation, as the neglect of seemingly trifling faults, 
each one contributing a small amount to decrease the 
general efficiency, may cause a net decrease which will 
seriously affect the operating efficiency of the machine. 
The maintaining of pristine efficiency is distinctly up 
to the operating engineer. 

In order to know at all times the condition of the 
prime mover it is essential that some means be provided 
for measuring the input to the turbine as well as the 
output, and we find today, that all large stations are 
supplied with testing equipment of one kind or another 
for this purpose. Instrument manufacturers have been 
alert to the needs of the engineer and instruments of all 
kinds are plentiful to cover every branch and detail of 
turbine operation. 


INSTRUMENTS 


WHILE apparatus for actually weighing the con- 
densate from the turbine is, of course, the most accurate 
and satisfactory means of. checking turbine performance, 
the installation of such equipment is necessarily ex- 
pensive. Manufacturers of steam flowmeters and water 
measuring devices have improved their equipment to a 
point where it is reliable and accurate so that by this 
means the efficiency of the prime mover may be checked 
continuously and any slight variation noted and _ in- 
vestigated. The error of these measuring devices should 
be no greater than that of the standard electrical in- 
struments used for measuring the generated output, and 
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Pressure gages, thermometers and all other instr. 
ments used in conneetion with the operation of the 
turbine should be not only correct, but should hk 
periodically and frequently checked to maintain their 
accuracy, as the readings of these instruments are abso. 
lutely essential in checking turbine performance. | 
should be borne in mind, however, that while pressure 
readings taken in the various stages of the turbine will 
immediately indicate any serious defective condition of 
the nozzles or blading, these instruments are not suff. 
cient to indicate small defects which may have a decided 
bearing on the general efficiency of the machine. 

Placing of these instruments is also a matter of con. 
siderable importance and it is necessary that they be 9 
placed as to give a true record of the conditions; als 
that the record will show conditions at vital points. In 
this connection, cognizance should be givén to the steam 
pressure drop through valves and piping leading from 
the boilers to the turbine and care must be taken to 
measure the initial pressure at the throttle valve or ad- 
mission valves as provided in the builders’ contract. 
Since the pressure drop from the boiler drums may i 
some cases be as much as 15 or 20 lb. under heavy load 
conditions, this item must be taken into account, as it is 
a variable quantity depending upon the steam flow and 
cannot in any manner be considered as a part of the 
turbine performance. The installation of a strainer in 
the steam line, while imperative, may introduce a con- 
siderable reduction in steam pressure, due to the restric. 
tion of area of the steam line, particularly if it becomes 
partially clogged over a considerable period of time. 


In locating instruments which measure the tempera 
ture and pressure of exhaust from the turbine, the same 
care must be taken, as the manufacturers’ guarantee is 
generally based on conditions at the exhaust flange of the 
machine. 

Since with condensing equipment the pressures at 
this-point are below atmosphere, it is particularly neces- 
sary that all connections to instruments be tight and be 
made in such a way that the velocity of the exhaust 
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steam will not in any way affect the reading of the 
instrument. The instruments must, however, be so con- 
nected as to give average conditions throughout the 
area of the exhaust opening. 


CoNDENSER 


Tue condenser should be so constructed that there 
will be a minimum pressure drop between the exhaust 
outlet of the turbine and the exit to the vacuum pump, 
and the condensate, as fast as it is formed, must be 
taken care of so as to reduce the refrigerating effect of 
the lower portion of the condenser; temperature of the 
condensate must be maintained as near as possible to 
that of the vacuum at the turbine exit. In some con- 
densers the condensate is returned through a bank of 
tubes placed directly in the exhaust from the turbine 
so that it will be heated to the temperature of the ex- 
haust steam. 

Air leaks in the condenser and low-pressure casing 
of the turbine not only place added work on the air 
S pump, but may result in the formation of air pockets 
in the condenser which seriously impair the efficiency of 
the condensing surface, while leakage around the tube 
packing allows the fouling of the condensate with im- 
pure condensing water which directly affects the clean- 
liness of the boilers and may, in addition, seriously 
affect the performance of condenser and auxiliary ap- 
paratus. 

If the turbine is provided with an atmospheric relief 
valve, this must also be checked as it is a potential 
source of air leakage, while the water from the seal of 
this valve which is generally from the same source as 
the condensing water, may be drawn into the condenser 
at this location as well as through the tube packing. 


TESTING INPUT 


IN orDER to check the input of the turbine properly, 
it is necessary that the steam pressure and tempera- 
ture be known at all times, and that a steam flowmeter 
be installed in the line near the throttle, or that a water 
measuring device be installed giving a record of the 
amount condensed from the turbine. Builders’ specifi- 
cations generally provide that steam pressure and tem- 
perature shall be measured at the throttle valve on the 
header side, or if the manufacturer provides a strainer 
which is installed outside of the throttle valve pressures 
and temperatures should be taken at the inlet to this 
strainer. While indicating instruments are sometimes 
considered sufficient at this location, it is advisable to 
install recording instruments as well, particularly in the 
case of large units, and it will be found that practically 
all instrument manufacturers have standard recording 
instruments for this purpose. The pressure in the ini- 
tial stages of the turbine should also be known, although 
an indicating gage is probably sufficient for this purpose. 
So far as the exhaust pressure is concerned, it is well to 
install a long bulb low-reading thermometer in the ex- 
haust nozzle of the turbine just above the exhaust flange, 
and as near as possible to this connect a standard mer- 
eury column for measuring vacuum. The connection 
to the latter instrument should be carried inside the 
exhaust easing and should be perforated or constructed 
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in such a manner that the steam velocities will not affect 
the reading of the instrument. As this reading is one of 
the most important in connection with turbine perform- 
ance, the greatest care should be exercised to connect it 
properly and to maintain it in perfect condition so that 
reliable readings will be obtained. While there are a 
number of spring-operated vacuum gages on the market, 
both indicating and recording, a mercury column instru- 
ment should always be at hand for comparison, and 
the reading of this instrument compared with that of a 
mereury column barometer. By a comparison of the 
temperature and pressure readings in the exhaust nozzle, 
leaks in the low-pressure casing of the turbine or in the 
low-pressure shaft packing, may be readily detected. 
Other readings which have a decided bearing upon 
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turbine performance are the temperatures of the circu- 
lating water entering the condenser and discharging 
from it, as well as the temperature of the condensate 
leaving the condenser ; also the pressure in the exit to the 
dry vacuum pump. 

In order to get full benefit of these instruments, it 
is necessary that readings be taken at regular and fre- 
quent intervals and that a record be made of the average 
pressures and temperatures for each day, along with the 
total input and output of the turbine. These daily aver- 
ages should be entered and from them monthly averages 
deduced, which may later be used for comparison, and 
which form a ready means for checking relative turbine 
performance at any time. 
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Attendants and operators should be taught the mean- 
ing and importance f the readings of these various in- 
struments and should be supplied with forms for prop- 
erly recording these readings. Any changes in condi- 
tions can be noted by them and reported, and the cause 
of the trouble investigated and removed whenever it is 
purely operating condition. 


CONDENSATE MEASUREMENTS 


WHERE WATER measuring instruments for measuring 
the condensate are used, another instrument is neces- 
sary for the measurement of leakage in the condenser, 
and since this is included with the condensate in any 
water measuring device, this amount must be deducted 
in determining the efficiency of the turbine. It has been 
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customary to make a leakage test whenever the unit was 
taken out of service, by measuring the discharge from 
the condenser after the steam has been shut off and all 
priming lines to the condenser have been closed. This 
is not satisfactory, however, as it has been found that 
condenser leakage varies with the load and that the 
leakage shown under no load conditions is not in any 
way indicative of the leakage under full load conditions. 
It is therefore essential that this leakage be measured 
while the turbine is in operation, and the instrument 
to be described does this satisfactorily as it takes into 
account all water entering the condenser from an ex- 
ternal source, either through leaks, priming valves or 
through make-up for the boiler feed. 
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This is known as the electrical resistance method 
and the apparatus consists of two properly insulateg 
electrodes suitably set in an immersing jar which holds 
a sample of the water of condensation to be tested, a volt. 
meter measuring burette and connections from a 220-y. 
alternating current circuit. The resistance of a number 
of mixtures of pure condensate and condensing water 
in various known proportions can be determined ex. 
perimentally for various temperatures, and the results 
drawn in the form of a curve giving percentage of con. 
densing water per unit of resistance. Having established 
these curves for the instrument, the percentage of leak. 
age may be determined at any time while the machine 
is in operation by drawing off a sample of the condensate 
and checking its resistance. 

Instruments of this type have been installed per. 
manently in the condensate discharge from condensers 
and an indicating dial perfected for showing the leak. 
age at all times. 

Apparatus for actually weighing the condensate from 
the turbine is of course the most accurate and satis. 
factory means of checking turbine performance and the 
installation of such equipment affords a means for 
periodic tests, the reliability of which cannot be ques. 
tioned. Figure 2 shows the arrangement of piping, 
tanks and scales for such a water-weighing installation. 
The outfit consists of two tanks on individual scales, 
each having a large, quick-opening valve near the bot- 
tom and so arranged that they can be drained into a 
large reservoir below. A return pump removes the 
water from this reservoir and returns it to the feed. 
water heater or to some other part of the system from 
which it came. 
rangement with valves for diverting the condensate 
from the condensate pump to the weighing tanks. Three. 
way valve ‘‘D’’ is so arranged that water may be dis 
charged into either tank A or B,so that one tank of 
water may be weighed and discharged into the common 
reservoir while the other tank is being filled. The weigh- 
ing scales have double beams so that one will take care 
of the empty tank weights and the other will show di- 
rectly the weight of the water. 


Test CORRECTIONS 


WHEREVER POSSIBLE tests should be conducted with 
the turbine operating as nearly as possible to the build. 
ers’ specified conditions regarding steam pressure, ten- 
perature and vacuum and any variation from these 
specified conditions should be noted and corrections made 
for them according to the builders’ specified corrections. 
The following list of corrections is approximate: 

1 per cent to be added to the specified water rate for 
each 10-lb. variation in steam pressure below that 
specified. 

1 per cent each 12 to 15 deg. F. variation in the steam 
temperature below that specified. 

6 per cent for each 1 in. of mereury variation in ab- 
solute condenser pressure below that specified. 

A corresponding reduction in water rate to be made 
for corresponding increases in temperatures and _pres- 
sures. In this case also it is necessary to determine 
condenser leakage. . 





The sketch also shows the piping ar-§ 
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INSPECTIONS 


Ir THE EFFICIENCIES obtained by water rate tests at 
any time disagree seriously with the builders’ guaran- 
teed efficiencies, the turbine should be taken out of 
service at the first opportunity and a thorough inspection 
made of the valves, nozzles and blading to determine if 
their condition is in any way changed from the original. 
While inspections of the smaller parts of the turbine 
should be made regularly at frequent intervals, the 
machine as a whole should be thoroughly inspected and 
overhauled each year; from throttle valve to exhaust 
casing each part should be examined most carefully and 
all defective or worn parts renewed or repaired. 

The throttle valve must be tight, as otherwise the 
leakage of steam into the turbine while it is shut down, 
may cause unequal heating of the shaft and wheels, re- 


‘sulting in a distorted shaft and warped wheels, so that 


considerable difficulty may be experienced in starting, 
due to vibration. Repeated unequal expansion and con- 
traction of the various turbine parts may cause per- 
manent sets which will seriously affect the operation 
of the machine. If a strainer is installed in the steam 
line this should also be inspected to make sure that the 
screen and its supporting framework are intact and to 
remove any foreign objects which may be lodged against 
the screen. 

In case of a multivalve governor control, the proper 
seating of these valves is essential to economy as steam 
which is wire-drawn through leaking admission valves 
is useless in the turbine and on account of its reduced 
pressure and consequent velocity, is a dead loss. 

The governor should be given particular attention to 
insure its perfect operation and after repairs are made 
its range should be checked so that it will satisfactorily 
control the turbine from no load to full load under all 
conditions. The emergency or runaway governor 
should be tested each time the unit is taken out of 
service—at least once each week—and should be exam- 
ined for wear and its operation carefully checked be- 
fore the machine is again put into service. 

If the turbine is equipped with overload valves ad- 
mitting steam to advance stages of the turbine under 
heavy load conditions, these should be likewise inspected 
and any leakage corrected. The most favorable load at 
which these should operate should be determined by 
test and both the load and relative stage pressures noted 
so that the operations of these valves may be readily 
checked from time to time. 

High- and low-pressure shaft packing should be dis- 
mantled and, if necessary, refitted. The latter, particu- 
larly, must be kept tight to prevent air leakage into the 
exhaust casing with consequent reduction of vacuum and 
efficiency. The leakage of the former, while not so im- 
portant, is unsightly and at times dangerous, besides 
being the cause of wastage of steam. The packing on 
the dummy rings of machines of the types employing 
these parts are also due for inspection, and clearances 
should be carefully taken to get the proper results with 
the machine in operation. 

The main bearings should be removed and the con- 
dition of both shaft and bearings carefully noted. The 
clearances specified by the manufacturer should be 
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maintained and the position of the shaft, axially and 
radially, carefully checked. On vertical machines the 
manufacturers generally allow approximately 0.001 in. 
clearance per inch of shaft diameter, while with hori- 
zontal machines this may be slightly increased. 

The oiling system should be completely cleaned, the 
oil tested and any signs of the shaft pitting due to 
acidity of the oil or electrolysis carefully investigated 
and proper steps taken to stop the trouble. All oil 
passages and grooves should be carefully cleaned and any 
carbonized oil or sludge removed. The thrust bearings 
should also be included in the bearing inspection. 

If the bearings must be renewed, it is wise to follow 
the manufacturer’s recommendations regarding the mix- 
ture used for bearing metal, as the failure of a bearing 
while the machine is in service would be disastrous. 


NozZLES AND BLADING 


Ir 1s advisable to run tests to determine the loss in 
efficiency due to eroded or faulty blading or nozzles 
and the point determined at which renewals are justified. 


= 
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PER CENT OF LOAD 
FIG. 3. TYPICAL TURBINE WATER RATE CURVE 
There are, however, many vital points which might be 
overlooked except by an experienced turbine man, such 
as the fastening of blading and space blocks, the proper 
locking of cap bolts and rivets used in the construction 
of the turbine parts, the cracking of nozzles, wheel 
cracks, proper fastening of shroud bands and other 
similar items which are matters of the greatest import- 
ance, as their neglect might not only jeopardize the 
turbine itself but might endanger the lives of the at- 
tendants. 


To maintain the efficiency of the turbine all dents 
in nozzles and blades should be straightened and the 
parts restored to their original shape. Any dirt or de- 
posit on the blades or between them should be removed 
and the rough edges, due to erosion or water wear care- 
fully straightened and sharpened. Alinement of nozzles 
and blades should be checked and the wheels and shaft 
so adjusted as to give proper clearance and to insure 
proper operating conditions. With impulse turbines 
the important clearance is that between nozzles and 
wheel blades, while with reaction turbines uniform 
peripheral clearance of the revolving and stationary 
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blades is the important thing. If it is found necessary, 
due to wear or damage, to renew any of the blading, this 
work should be done only by an experienced man, as the 
future operation of the turbine will depend on the 
quality of this work. 

The casing should be carefully inspected and proper 
care exercised to insure tight joints throughout, as leaks 
on the high-pressure casing are unsightly, wasteful and 
dangerous, while leaks on the low-pressure end are detri- 
mental to the best vacuum conditions. Bolts, particu- 
larly those subjected to high temperatures, should be 
renewed or the old ones should be annealed before be- 
ing replaced. After the machine is assembled all low- 
pressure casing joints subject to vacuum should be tested 

- for leaks and painted with heavy paint which will be 
drawn into the interstices and cracks by the vacuum. 
Bolt heads and nuts on this part of the machine should 
be similarly painted where they face against the tur- 
bine casing. 

Before closing up the machine, the greatest care 
should be taken to clear out all loose articles of every 
description. Many cases have occurred where small 
tools have. been left in machines by careless workmen 
and considerable damage has been done, so that the unit 
was in poorer condition after the overhauling than 
before. 
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Covering on the high-pressure casing should be te. 
placed to prevent radiation and to reduce condensatio, 
in the earlier stages of the machine. Variations in th, 
temperature of the casing are liable to cause uneven eg. 
pansion and contraction, possibly resulting in cracks 
and leaky joints. 

Before starting, the machine should be gradually 
warmed before it is turned over and even after it jg jy 
motion it should be brought to speed very gradually anj 
the range of the main governor, as well as the emergeney 
governor checked before it is put into service. Th 
load should be increased gradually to allow gradual 
increase in temperature throughout the turbine. 

While it is good policy to conduct tests immediately 
before and after overliauling a machine of this kind in 
order to determine the benefits of the overhauling, the 
importance of the annual inspection should not be over. 
looked in case the benefits are not readily apparent. 

A record should be kept of each overhauling, report. 
ing in detail all work done and conditions as found, as 
well as the condition of the machine at the time it js 
again put into service. Special forms may be devised 
for easily and quickly making such a record, listing in. 
spections, clearances, fits, ete. In this way the history 
of the mechanical condition of the machine is always 
available for reference. 


Turbine Operation 


INSPECTION, OPERATING CONDITIONS AND 


CHECKING OPERATION. 


O OBTAIN THE best results from any piece of 

apparatus, it is essential to keep it in first class 

‘operating condition. This means that the equip- 
ment must be thoroughly cleaned and overhauled at 
regular intervals, therefore when considering the means 
for insuring the best performance of the steam turbine 
it is advisable to consider first these periodic inspections, 
as incorrect adjustments and rough operation will result 
in reduced efficiency. 

In making a turbine inspection the following should 
receive careful attention: 

The steam strainer should be thoroughly cleaned and, 
if it is in bad condition, should be renewed. A dirty 
strainer prevents the free passage of the steam, which 
causes an excessive drop in pressure through the strainer, 
and a broken one might permit foreign matter such as 
pieces of gasket, etc., from the steam pipes, to pass into 
the cylinder. This foreign matter might lodge in the 
blading, obstructing the openings through the blades 
and by reducing the inlet area, cause the bypass valve 
to open earlier or at a lower load than usual. As the 
efficiency of the unit is reduced when operating on the 
bypass, the steam consumption of the turbine would be 
increased unnecessarily. 

CHOKING OF BLADES AND CLEANING THEM 

In soME plants where it is difficult or impossible to 
obtain clean feed water, mud and other impurities are 
carried over from the boilers to the turbine with the 
steam. These impurities sometimes adhere to the blades, 
choking up the openings between them. In such cases, 
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the blading should be thoroughly cleaned, otherwise loss 
in economy will be incurred due to the bypass valve 
opening at reduced load as already mentioned. 

Choking up of the blades, in-addition to reducing 
the economy and capacity of the unit, is dangerous, as 
it will unbalance the spindle in an axial direction, 
thereby throwing additional load on the thrust bearing. 
If the additional load should be sufficient to cause ex- 
cessive wear on the thrust bearing rings, serious trouble 
will result, as the dummy pistons will come in contact 
with the dummy packing rings. When a heavy deposit 
is found in the blading, it is advisable in addition to 
cleaning blades thoroughly to give the condition of the 
feed water careful attention. 

Method of cleaning the blading depends on the nature 
of the deposit. In some cases a spray of compressed 
air and kerosene is sufficient to remove it, whereas in 
other cases the deposit adheres to the blades so tenaciously 
that it is necessary to scrape the blades. In the latter 
case care should be taken to see that the blades are not 
scored, or otherwise injured in the process. Another 
method which has proved successful in practice is to 
connect a small hand pump to the steam pipe leading 
to the turbine and to pump small quantities of kerosene 
into the steam at short intervals while the unit is in 
operation. The kerosene has the effect of loosening the 
deposit slowly, allowing it to be carried through the 
turbine to the exhaust. A barrel or two of kerosene 
injected into the steam line as above has been known to 
clean the blading satisfactorily, but as already stated, 





Januar 


success 
the dey 

Its 
oceurr' 
going § 
few cas 


Spl 
receive 
allows 
econon 
genera 
5 to 1 
points 

Wa 
turers 
factor) 
supplic 
formin 
in the 
moved 
might 
the ele 
ments 
to the 

Co: 
sealing 
ing co: 
to obté 
tion Ss} 
peratu 
100. di 
water 
which 
the ea: 
this w 


Ms 
spheri 
seats \ 
to tak 
the sh 
ing fit 
it sho’ 
to ma: 

It 
wear 
and t! 
reduc 
bine | 
thous: 
suffici 
out 1 
gToov 
by or 
decre: 
factu 
medit 
by th 
tion 


nediately 
s kind jp 
ling, the 
be over. 
rent, 

> Leport- 
‘ound, as 
ime it ig 
- devised 
sting in- 
> history 
3 always 


rection, 
bearing. 
1use ex- 

trouble 


eading 
arosene 
t is in 
ng the 
th the 
rosene 
own to 
stated, 


January 1, 1919 


suecess or failure depends entirely upon the nature of 
the deposit. 

It should be fully understood that it is not a common 
occurrence to find a deposit in the blading and the fore- 
going suggestions have been made for the benefit of the 
few cases where such conditions occur. 


* Arr LEAKS 


SprnpLE glands at both ends of the cylinder should 
receive careful attention, for a defective gland which 
allows air to leak into the exhaust space reduces the 
economy of the unit. Loss of 1 in. of vacuum means, in 
general, an increase in the steam consumption of from 
5 to 10 per cent, therefore inleakage of air at these 
points should be carefully guarded against. 

Water-seal glands provided by several manufac- 
turers of steam turbines are probably the most satis- 
factory and give the least trouble provided the water 
supplied for sealing purposes is free from acid and scale- 
forming impurities. If on examination, scale is found 
in the runners and casings, it should be carefully re- 
moved as this reduces the efficiency of the runner and 
might allow air inleakage. Also if the scale is excessive, 
the clearances between the rotating and stationary ele- 


ments may be reduced until contact occurs when, owing | 


to the high speed of rotation, serious trouble will result. 

Condensate from a surface condenser is excellent for 
sealing purposes, also the drips from steam lines, heat- 
ing coils, ete. If suitable water is difficult or impossible 
to obtain from available sources, a simple water purifica- 
tion system can be easily and cheaply installed. Tem- 
perature of the water to the glands should not exceed 
100 deg. F., as the churning of the runners heats the 
water and with warm inlet water might cause vaporizing 
which would be objectionable, as the vapor escaping from 
the casings would condense on the bearing housings and 
this water might find its way into the oil. 


BEARINGS 


Marin bearings should receive attention. If of the 
spherical type the bearings should fit snugly in the ball 
seats without any measurable clearance, but free to move 
to take up the correct position to suit the deflection of 
the shaft. In other words, they should be a close work- 
ing fit as any clearance will tend to cause vibration. If 
it should be necessary to add shims, care must be taken 
to maintain the spindle central in the cylinder. 

It is not usual to find wear in the bearings, but if 
wear has taken place, the bearing should be taken up 
and the clearance between the journal and the bearing 
reduced to the original amount. The clearance in a tur- 
bine bearing is in general from one to one and one-half 
thousandths of an inch per inch of diameter. This is 
sufficient to allow the shaft to float on the oil film with- 
out unnecessary clearance to cause vibration. Oil 
grooves in a turbine bearing are sometimes considered 
by operators unnecessarily large. They should not be 
decreased, however, without the approval of the manu- 
facturer as in many designs of turbines the oil is the 
medium for removing the heat generated in the bearing 
by the high speed of rotation. As the smallest interrup- 
tion in the oil supply tothe bearings would have 
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disastrous results, care should be taken to see that all 
oil grooves and oil pipes are clean and unobstructed. 


Om CooLerR 


FREQUENTLY the oil cooler is the piece of apparatus 
most neglected on a steam turbine. This should be over- 
hauled in the annual inspection just as carefully as any 
other part of the apparatus. All mud and foreign mat- 
ter should be removed from the water box and tubes and, 
if the inside of the tubes has become coated with a 
gummy deposit, this should be washed out with hot 
water, and if necessary, with lye. After cleaning, care 
should be taken to rinse the tubes several times with hot 
water to remove all traces of the lye. 

Sometimes it happens that a thin hard scale de- 
posits on the outside of the cooling tubes which is diffi- 
cult to remove. Washing is useless and scraping, owing 
to the close proximity of other tubes, is impossible. 
Tn such cases a home-made sand blast has proved very 
effective, removing the scale in a shell like formation, 
net only from the easily accessible surfaces, but also 
from the tubes inaccessible by other means. 








FIG. 1. SECTION OF WATER SEALED SPINDLE GLAND 


If necessary, the whole oil system should be thor- 
oughly washed out and new oil put in. On some ma- 
chines oil filters are installed to filter the oil auto- 
matically. This operation is usually on the partial filtra- 
tion principle, drawing off a certain proportion of the 
dirty oil continuously at the lowest point in the oil sys- 
tem, filtering it and returning the cleaned oil to the 
system. This is an excellent device, but the expense of 
the equipment frequently prohibits its use in connection 
with small installations. In such cases it is probably 
best to drain off all the oil at stated intervals, filling up 
the tank with new oil and using the old on station 
auxiliary apparatus. 


VALVES AND PACKING 


Inter and bypass valves and seats should be exam- 
ined and re-ground if necessary. If the unit is operated 
for long intervals at a fairly constant load, it sometimes 
happens that scale or rust forms in the balance cylinders 
immediately above the valves. This should be removed 
as any increase in the load, creating an additional de- 
mand for steam, will cause the valve to open wider and 
the valve packing rings to stick on the scale in the bal- 
ance cylinder thereby upsetting the governing of the 





POWER PLANT 


64 


unit. Packing rings should be examined to see that they 
retain their life and have sufficient spring to prevent 
steam leakage. If they have been subjected to super- 
heated steam, the opening between the ends of the rings 
should be checked to see that the clearance is maintained, 
as superheat causes cast iron to grow and this growth 
might eliminate all the original clearance and cause the 
rings to stick. 

There is little spindle end thrust in turbines of modern 
design, therefore, unless the balance is affected by out- 
side influences such as foreign matter choking the blad- 
ing, it is to be expected that the turbine thrust bearing 
will be in first class condition. As a matter of fact, it 
has frequently been noted that after years of operation 
the tool marks still show on the thrust rings. The thrust 
bearing, however, should be thoroughly cleaned and the 
collars re-ground, if they have become scored or other- 
wise damaged. 

The chief function of the thrust bearing is to main- 
tain the desired minimum clearance between the rotating 
dummy rings on the spindle and the dummy strips 
mounted in the cylinder. It is advisable before again 
placing the unit in operation to check this clearance, 
as too fine a clearance may cause trouble and too large 


4, y.2 














AND SOCKET TYPE OF BEARING SHOWING 


MEANS OF OIL SUPPLY 


FIG. 2. BALL 


a clearance means excessive steam leakage over the 
dummies and consequent decrease in the steam economy 
of the unit. Clearances should be checked when the 
machine is heated up as nearly as possible to the normal 
operating temperature. In general, the clearance will 
vary from 0.010 to 0.025 in., but as the permissible 
minimum clearance varies on units of different size and 
tvpe, it is advisable to obtain the correct clearance 
from the manufacturer of the equipment. 

Foregoing are the principal features requiring special 
attention to insure satisfactory and economic operation ; 
but of course in addition many small details on the 
equipment such as the regulating governor, safety stop 
governor, direct connected oil pump, auxiliary oil pump, 
gears, etc., should not be overlooked in the annual inspec- 
tion as the inaccurate functioning of any of these parts 
may cause considerable annoyance and anxiety and the 
failure of any one of them may result in a shut-down, 
probably at a most inconvenient time. 


OPERATING CONDITIONS 


TO OBTAIN THE GREATEST ECONOMY a machine should 
be operated under the steam and vacuum conditions 
specified in the contract. “To operate with a lower 
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vacuum than the machine was designed for jy ' 
greater loss in economy than the difference in the ay ; 
able B.t.u.’s indicates, as the volume and consequen 
the velocity of the steam through the exhaust blading ; : 
decreased and instead of the steam doing work in th 
last few rows of blading, the blades may be retarded an 
act to pump the steam into the exhaust. 


Similarly, to operate with a much better vacuum thay 
the machine was designed for shows little improvemey 
In economy, as the area through the exhaust blades j 
not sufficient to take advantage of the greatly increase; 
volume of the steam. 

To increase the initial steam pressure, provided the 
machine will withstand such, will slightly improve th 
economy, and a moderate amount of superheat will prove 
beneficial by removing the moisture from the steam; byt 
the question of the adoption of superheat should be ap. 
proached with caution. .The volume of superheatal 
steam is greater than that of saturated steam at the san: 
pressure and as the blading can pass only a defini 
volume of steam in a given time, it follows that les 
weight of superheated steam can pass through the ip 
let blades in a given time; consequently, when operat. 
ing with superheat the bypass valve will open earlic 
than it would if the unit was operated with saturatej 
steam, and as the efficiency of the unit is reduced whe 
operating on the bypass it can be shown in some cases, 
where the regular load on the unit with saturated 
steam is just under the point where the bypass valv 
will open, that to operate with superheated steam would 
be detrimental. 

Again, superheated steam has the effect of causing 
cast iron to grow, consequently, if the valves are of cas 
iron, the growth of the valve and valve rings might caus 
serious difficulties with the governing of the unit, and in 
extreme cases the steam chest and cylinder might be 
affected. 

The most economical point to operate a turbine is of 
course at the highest load obtainable without the aid of 
the bypass valve. The reason for this is readily under- 
stood as the friction load of the machine within reason; 
ably small limits remains the same whatever the load 
on the unit may be, consequently the greater the load, 
the smaller the percentage of loss due to friction. As 
soon as the bypass opens, the efficiency falls off as the 
steam entering through the bypass valve, acting o 
fewer rows of blades, gives up less energy, consequently 
more steam is required to produce a unit of power. It 

can be readily seen from the above that the bypass valve 
should be adjusted so that it does not come into opera- 
tion until the maximum load without the bypass has 
been reached and the: addition of any more load would 
cause the unit to slow down. This point is usually 
reached when the inlet pressure approaches within about 


5 Ib. of the steam pressure immediately ahead of the 


throttle valve. The bypass valve can be readily adjusted 
to open at the desired time by lengthening or shortening 
the connecting rod or the bypass valve spindle. 


CHECKING Economy 


THERE is no simple and ready method of accurately 
checking the performance of a steam turbine to deter 
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mine whether or not it is fulfilling the contract guar- 
antees, or of comparing the performance to see that the 
economy is maintained. To measure the steam used in 
the unit, the water must be weighed either before it 
enters the boilers or after it is condensed in the con- 
denser. This necessitates tanks and scales of consider- 
able capacity. When the test is made by weighing the 
condensate, a meter must be inserted in the water line 
to the glands so that proper corrections can be made for 
the water leaking from the glands into the exhaust. A 
calorimeter must be installed in the steam line to the 
turbine to determine the amount of moisture in the steam 
f and thermometers must be furnished to check the tem- 
perature of the steam at the steam chest. 

Gages are, of course, necessary to obtain the throttle 
and inlet pressures, also the various electrical instru- 
ments to determine the load accurately. Gages and elec- 
trical instruments should be calibrated both before and 
after the test, and the test results suitably corrected. 
During the test, which to insure accuracy should last 
several hours, a steady load must be maintained. 






















WATER RATES OF TURBO-GENERATORS 



























































(60-cycle, 2500-volt a.c. generators) 
Condensing Non-condensing 
Steam at 150 1b. gage,| Steam at 2001b. gage,| Steam at 150 1b. gage 
26-in. vacuum 150 deg. superheat, Exhaust to Atmosphere 
29-in. vacuum 

Vater Water Water 

rate, 1b. rate, 1b. rate, 1b 

Rating} per hr. per Rating | per hr. rer Rating per hr. 

kw. kw. incl kw. kw. incl. kw. per kw. 

Excitation ‘ Excitation 
50 2.0 to 42.0 4,000 | 12.0 to 13,3 50 52.0 to 60 
100 | 21.2 to 27.5 5,000] 11.9 to 13.0 100 43.5 to 50 
200 19.5 to 25.0 7,500] 11.6 to 12.6 200 38.4 to 44 
300 | 18.7 to 22.5 10,000 | 11.2 to 12.3 300 36.5 to 42 
400 18.2 to 21.0 12,500} 11.1 to 12.0 400 35.2 to 40 
500 | 17.7 to 19.3 15,000] 11.1 to 11.8 500 34.1 to 38 
600 | 17.4 to 19.0 17,500 | 11.0 to 11.6 600 33.4 to 37 
750 | 17.0 to 18.8 20,000 | 11.0 to 11.4 750 32.7 to 36 
1,000 | 16.5 to 18.6 25,000 | 10.9 to 11.3 1,000 31.7 to 35 
1,250 | 16.2 to 18.3 30,000 | 10.8 to 11.2 1,250 31.0 to 34 
1,500 | 16.0 to 18.0 35,000} 10.7 to 11.1 1,500 30.7 to 33 
2,000 | *15.7 to 17.7 40,000 | 10.6 to 11.1 2,000 30.1 to 32 
2,500 | 15.5 to 17.4 50, 10.5 to 11.0 2,500 29.4 to 31 
3,000 | 15.4 to 17.1 60,000 | 10.5 to 10.9 ,000 28.9 to 30 
3,500 | 15.3 to 16,9 75,000 | 10.4 to 10.8 3,500 28.6 to 29 
*Speeds: 50 to 3500 kw., inc., 3600 r.p.m.; 4000 to 20,000 kw., inc., 
1800 r.p.m.; 25,000 kw. and over, 1200 r.p.m. 





If the test is to be made by weighing the water de- 
livered to the boilers, a battery of boilers sufficient to 
furnish steam for the test must be segregated from the 
rest of the equipment and these boilers used for the pur- 
pose of the test alone, all the auxiliaries being operated 
with steam from some other source. Tests to determine 
the boiler leakage must be conducted and all condensed 
steam from drains and drips must be measured, and the 
amounts credited to the turbine in the final summing up. 

When the test is made by weighing the condensate, 
the condenser must be tested for leakage both before 
and after the test on the turbine and the results cor- 
rected accordingly. 

It is frequently impossible to make a test with the 
steam pressure, steam temperature and vacuum specified 
in the contract. In such cases it is not sufficient to cor- 
rect the test results on the basis of the available B.t.u. 
in the steam under the test conditions and contract con- 
ditions, as a turbine built to suit a certain set of con- 
ditions cannot operate as efficiently under another set 
of conditions for the blading is not proportioned cor- 
rectly for the new condition. It is, therefore, necessary 
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to obtain from the manufacturer correction factors to be 
applied to the results obtained on test. 

A steam flowmeter in the steam line to the turbine 
will afford a rough and ready means of comparing the 
performance from day to day, but careful judgment 
must be exercised or considerable worry and unneces- 
sary investigation may be caused by not giving proper 
consideration to the effects of varying conditions and 
fluctuating loads. 

A rough comparison of the performance of the 
machine at stated intervals can also be obtained by means 
of the station logs. If, for instance, at a given load, 
with steam and vacuum conditions the same, the inlet 
pressure should vary appreciably, it is reasonable to as- 
sume that some change has taken place in the apparatus 
or the adjustments and an inyestigation is warranted. As 
a matter of fact, if the apparatus is kept in first class 
operating condition, there is actually little necessity for 
watching closely the economy of a reaction steam turbine 
for, owing to the fact that there is no appreciable wear 
in the blading, sustained economy can be expected after 
years of operation. 


Bending Cast-Iron Pipes 


By Mark MEreEpDITH 


SUCCESSFUL bending of large straight cast- 
A iron pipes was recently effected in making the line 

of cast-iron pipe which it had been decided to 
lay to convey water from the Guayabo River to the town 
of Present, Cuba. By mistake, no sleeves or curves had 
been ordered. The canon through which the pipe passes 
for a distance of about two miles from the dam is 
crooked, making impossible such easy curves as would 
be made in the pipe joints. As it might have taken 
several months to secure additional special pipes, the 
local engineer decided to bend some of the straight cast- 
iron pipes. The Cuban workers had frequently bent 
steel or wrought iron pipes at their sugar mills and they 
followed the same course of procedure with the cast 
pipes, with entire success, as they did not break or 
spoil a single pipe. The pipes were bent to various 
radii, the shortest being 50 ft. A cradle of old rails 
was first constructed with the desired amount of curva- 
ture, and a fire of hardwood was built under and around 
the pipes. Six or eight pipes were bent at a time. In 
one and a half or two hours after starting the fires the 
pipes were hot enough to bend and settle under their 
own weight on to the cradle prepared for them. The 
pipes were 10 in. in diameter with 9/16 in. thickness of 
shell, their weight being about 760 lb. per 12 ft. length. 





ANNOUNCEMENT is made that further important 
changes are to be made to increase the power resources 
of Turners Falls Power & Electric Co. by raising the 
entire canal wall and the embankments along the fore- 
bay to a height of 2 ft. This plan will greatly increase 
the amount of water delivered to the wheels from the 
Connecticut River and enlarge the capacity of Mon- 
tague City power-house in proportion. 
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Shafting Losses 


From Brarines, Poor ALINEMENT, TigHT Bets, oR Bap LusricaTionN. REASON- 
ABLE STANDARDS AND How to Work Towarps THEM. By H. C. H. Meuciz 


B EARINGS, PULLEYS, shafting and clutches of a between bearings compared with the diameter for head 
plant, although among the prominent factors in its shafting. 
efficiency, are often neglected until they reach the Expressed as a rule, where shafting is used for trans. 
stage where their condition absolutely compels attention. mission alone, the distance D, in feet, between Dearing, 

A plant will not only be saved many shut-downs and is taken as the cube root of the product of 720 times the 
repair bills, but will improve in efficiency by regular and diameter, d, in inches, squared (D = *\/720d*). Wher 
proper inspections of these parts, and if there be any the shaft carries a number of pulleys placed at varioy 
part not in proper working condition, it can be repaired points between bearings the distance D’ is equal to the 
before any damage is done. cube root of 140 times the diameter squared (D'= 
8\/140d?). 
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Causes oF Power Loss 
TicHt BELtTs 


Causes of excessive power loss in ordinary line shaft- 
ing, can be directly traced to one or more of four rea- 
sons: overloading of bearings, poor alinement, bent 
shafting and poor lubrication. 

The overloading of bearings may be due to bearings 
being too short, not enough bearings or overtight belts. 


OvERTIGHT belts place undue strain upon the bear. 
ings causing excessive friction, heating of bearings and 
consequent loss of power in shafting. Often belts have 
been placed on pulleys so tight, that they have caused 
the breaking of pulleys and bending of shafts, beside 
wearing out the whole outfit and causing heating and 
consequent destruction of bearings. Table II, computed 
by a New England engineer, shows the power required 
to drive the shafting alone in some average modern cot. 
ton mills with first class shafting. These may be taken 
as a fair showing of the power required in many of the 
best mills to drive shafting, and it is reasonable to think 
that not all this power is consumed by a legitimate 
amount of friction of bearings and belts. Tight belts 
when there are hundreds or thousands in a mill, easily 
create great friction on the bearings and would account 
for the figures. 
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BEARINGS 


Many bearings are decidedly lacking in length, which 
causes trouble and requires excessive lubrication. The 
pressure per square inch on the projected area of the 
shaft in the bearing has been found, in good practice, 
to range from 400 to 800 lb., depending upon the nature 
of the service to which the bearing is to be put. In 
general transmission, this has solved itself into certain 
ratios of length of bearing to the diameter of the shaft. 
For shafts under 100 r.p.m., 2.75 times the shaft diam- 
eter; for 100 to 350 r.p.m., 3 times the diameter. 

When not enough bearings are placed along the line 
shaft, the bearings will be subjected to excessive over- 
loads, which results in undue friction by too much pres- 
sure upon the bearings, causing them to heat or to be 
thrown out of line. 
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TABLE II.—HORSEPOWER TO DRIVE SHAFTING 








, Shafting Alone 
Mill No. “— : 





HP. Per cent of Whole 








51 
111.5 
134 
190 
172.6 





TABLE I. DIAMETER OF SHAFT TO CARRY MAXIMUM ALLOW- 
ABLE LOAD MIDWAY BETWEEN BEARINGS AT CENTER OF BAY 








84.8 
262.9 
182 
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The formula and Table III., as given by Kent, show 
the normal friction losses for shafts and journals. 

Energy lost by friction in ft.-lb. per min., = 0.2618 
fwdn. 

f = coefficient of friction ; 

w= weight on journal in lb.; 

d= diaemter in inches; 
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The proper distance between bearings of a shaft is 
governed by the deflection which should never exceed 
0.01 in. per foot of length. This, in turn, is dependent 
upon: the diameter of the shaft and the location of the 
pulleys with reference to the bearings. 

For ordinary line shaft work, it is sometimes neces- 
sary to place pulleys at various points along the shaft 
without reference to the bearings. The general rule for 
line shafts is to place the bearings 8 ft. apart.. The 





TABLE III.—VALUES OF COEFFICIENT OF FRICTION, F. 











. 4 
Rubbing . Nominal load 

Speed 360 419 Ib. per sq. in. 
Feet p.m. E 








Coeff. of 
Friction... . 
Friction.... 
Friction... . 


.0010 
0013 
.0014 


-0012 
-0014 
0015 


.0013,| . 
0015 
-0017 



































n=number of r.p.m. 


table given by Kent will be of value, as it gives the 
diameter of shaft necessary to carry a load at the center 


Rubbing speed = 0.2618 dn. 
Load per sq. in. = w 1d; 1= length of bearing, in. 
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SHart FRICTION 


Tastes 1V and V are based on experiments and tests 
nde by Messrs. McAllister and Morley of the Case 
hool of Applied Science. (Transaction A. S. M. E., 
|, 18). Indicator cards were taken from the engines 
ning the day, at intervals of about 1 hr., while the 
ants were in full operation, during the noon hour and 
er working hours at night. Cards were taken from 
e same engine when it was driving line and counter- 
ifts alone. 

Averages of these sets of cards were to show respec- 
dy the total horsepower and the friction horsepower. 
Length of bearings and diameter of shafts were meas- 
ed, the number of bearings taken and the methods of 
ling. The belts running from line shafts were counted, 
cir width estimated and average diameter of pulleys 
Ken. 

Data obtained are given in the tables. 


LUBRICATION 


One explanation of the large loss by friction in many 
ges is the fact that economizing in either the quantity 
quality of oil has at once a favorable effect on the 
ls, while the corresponding ‘increase in coal and water 
nsumption may be unnoticed or attributed to other 
uses. It is the opinion of Prof. J. J. Flather, based 
h tests, that a reasonable per cent of loss in shafting, 
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for average light work with shafting in fair condition, 
is from 30 to 40 per cent of the total power expended, 
while for heavy work this loss will probably average 
from 40 to 50 per cent, assuming of course that the 
shafting is in fair alinement and properly lubricated, 
with its hangers sufficiently close to each other to pre- 
vent undue deflection under working conditions; also 
that the belting is not unnecessarily tight. Departure 
from these conditions will increase or decrease the as- 
sumed friction loss, depending upon the degree of per- 
fection attained in erection and maintenance of the 
shafting. Knowing the results of tests made and the 
opinions of expert mechanical engineers based upon 
tests, it is the business of the engineer in charge to see 
that the shafting does not waste power, which is a waste 
of fuel and consequently of money. 










































































TABLE V. RESULTS OF TESTS ON FRICTION OF SHAFTING 
‘o.of | Total HP. Required] HP. Required for Per cent of HP. 
est Shafting Alone Consumed by 
Shafting 
1 400 157 39.2 
2 74 57 77 
3 38.6 25.3 65.6 
4 59.2 47.9 80.7 
5 112 64 57 
6 168 91 54.2 
7 40.4 20.7 51.2 
8 74.3 40 53.8 
eae FIG. 1. LEVELING ROD FOR SHAFTING 
9 47.2 24.5 51.8 
= FIG. 2. KINKEAD SHAFT LINING DEVICE 
TABLE IV. DATA ON TESTS OF SHAFT FRICTION 
No. Total length Diam. of Speed ia Number of Number of |Average width| Number of 
of Nature of Work done in Shop of shaft in ft. | line shaft in R.P.M. Bearings Belts of Belts in in. Counters 
Test or Factory in. 
1 |Wire Drawing and Polishing....... 1130 2144-2% 170 “115 89 4 69 
4 -6 : 
2 Steel Stamping and Polishing. ..... 580 3 -3% 200 68 28 6 27 
3 Boiler and Machine Works........ 530 2%-3 150 46 53 5% 47 
4 Bridge Machinery. ............... 1460 2%-3 110 142 92 4% 79 
4 
5 Heavy Machine Work............. 1120 3 190 110 141 4 96 
6 Heavy Machine Work............. 1065 2 -3 180. 150 114 192 4 152 
180 
7 Light Machine Work.............. 748 14-1% 135-135 101 217 3 133 
2 -3 135-150 
8 Manufacturing Small Tools........ 500 2 -3 114 58 235 3 214 
9 Manufacturing Small Tools........ 990 24-1% 175-136 102 217 3 202 
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ALINEMENT 


Poor alinement may be due to changing the location 
of heavy machinery, uneven settling of floors, uneven 
wear of bearings, shafting supports becoming loose, bad 
adjustment of hangers, excessive spans between hangers 
or exe@ssive belt tension. : 

Methods adopted for establishing a line of shaft or 
connecting the alinement must be worked out to suit the 

' individual case. A method commonly employed is to 
stretch a wire to which the line of shafting can be com- 
pared. This reference line is usually placed directly 
over the shaft, its level being accurately determined by 
means of a spirit level, and its position in regard to the 
machinery and building carefully adjusted. 























FIG. 3. OFFSET TARGET AND BALANCING DEVICE 


Having the line accurately placed, measurements are 
taken both horizontally and vertically from the line to 
the shafting, and by means of the screw adjustment in 
the shafting supports, accurate alinement can be se- 
cured. Vertical alinement can be checked by means of 
a leveling rod and carpenter’s level as shown in Fig. 1 
and the horizontal line can be checked by hanging 
plumb bobs from various points along the shaft. 


In taking the level of a shaft, a straightedge should 
be provided which will extend from one bearing to the 
next and the level applied to the straightedge, not to 
the shaft. 

Another method of testing alinement of shafting is 
what is known as the Kinkead system. It consists es- 
sentially of a special architect’s level built for indoor 
work and capable of sighting clearly on a line shaft 
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600 ft. long; a self-centering target which is hung 
the shafting by a jaw clamp so constructed that it, 
only finds the center of the shafting, but remains » 
tered regardless of the diameter of shafting, and a fy, 
or stationary target used as a check to insure unify 
readings and results. The portable target can he 
justed to enable the operator to work on sghafti 
whether overhead, in pits, on piers, under tables, yj 
or without obstructions under or over it. The face, 
the targets are transparent, and by the use of gpeq 
lanterns furnished with the outfit, the work can be 
at night as well as in daytime. The outfit also cont,j 
an offset target, enabling one to work without remoy; 
belts. 

Figure 2 shows the portable target as it hangs fy 
an overhead shaft, and the ordinary method of using 
outfit. Figure 3 shows the offset target in use with } 
ancing device for bringing target in plumb. 

A line shaft may appear to be properly lined 
when standing still, but upon revolving prove to be, 


STARTING 
AHEOSTAT 





























CONNECTIONS FOR TESTING SHAFT FRICTION BY 
MOTOR 


ANMNMETER 


FIG. 4. 


of alinement due to loose hangers; vibration, due tot 
balanced couplings, excessive belt tension which increas 
as load is applied or end play in shafting. A line sh 
ean be tested while running by establishing a wire 
already described and measuring the distance at vari 
points to ascertain true running, also by a steady r 
such as a board fixed near the shaft and a piece 
chalk held to the shaft with the hand resting in a fi 
position on the steady rest. Character of the cha 
mark will indicate high spots, if any. Should the sha 
ing prove to be out of true, the cause should be soug 
out and corrected. 

In many cases, excessive belt tension can be trai 
to improper care of belts, meaning that belts are 
lowed to become dry and slip; naturally the belts ' 
be tightened to eliminate the slipping. In case of |} 
bearings they should be immediately replaced by g0 
ones or rebabbited. If hangers are loose, they sho 
be put in place and tightened. If belts are dry andt 
tight, they should be treated as explained in anotl 
article and have just enough tension to pull the I 





nuary 


ithout s 
pssively, 
pould be 
placing 
ould be 
hould tl 
ken dov 


RRANGE} 


To SE 
nd take 
eater a 
laced. Wi 
the be 
, used U 
elt lets 
ith an ‘ 
ossible | 
pper pa 
voidable 
ith red 

A drv 
las sever 
e cente! 
er of tl 
alf the ] 
irection, 
n long s 
elt shou 
» avoid 





IN TE 
my can 
se of fri 

afts rv 
epartme 
ontrolle: 
here re 
being ab 
broducin 
Jutch eo 
re idle 
hat carr 


TEST: 
he peres 
ounter 
he engi 
bre in f 
when m 
pulleys. 
unning 
and ded 
ate rec 
an be o 

For 
at full 1 
is 10 hy 
Der cent 

In t 











bwuary 1, 1919 ‘ 














lary 1, 1) 
ithout slipping. If shafting is found to vibrate ex- 
sively, due to unbalanced couplings, those couplings 
ould be taken down, put in a lathe and trued up before 
placing them. In case of excessive end play, collars 


is hung ' 
d that it, 
Temaing ¢ 


ide ay ould be placed at proper positions to prevent this. 
oan hould the shafting be found to be bent, it should be 


on shafiampee” down at once and straightened. 
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RRANGEMENT OF PULLEYS, CLUTCHES AND COUPLINGS 






To secURE the best service from belts and pulleys, 
nd take advantage of the slack in the belt to give a 
eater are of contact on the pulleys, they should be 
laced with their shafts parallel and with the tight side 
the belt at the bottom. Vertical belts should never 
p used unless absolutely necessary, as any slack in the 













fal Bilt lets it hang away from the lower pulley, causing 
ion wil ip. This necessitates high tension, increasing friction, 
“@ith an overpressure on the upper shaft bearings and 

3 ossible lifting of the lower shaft so as to wear on the 

ly lined pper part of the bearings. If a vertical drive is un- 
re to hea yoidable, a tightener pulley may be used to get traction 


ith reduced tension. 

A driven pulley located upon a long line shaft which 
as several driving pulleys should be located as near to 
| e center of the load as possible. In this way the diam- 

er of the shaft can be reduced considerably, because 
alf the power of the entire shaft is transmitted in each 
irection, and the vibration also, which is likely to occur 
n long shafts, is reduced to a minimum. But a heavy 
elt should always have its pulley placed near a bearing 
p avoid springing the shaft. 


Curtine Our IDLE LINES 















In THE distribution of power by line shafting, econ- 
my can be obtained by providing for flexibility by the 
se of friction clutches or clutch couplings to cut off line 
afts running idle or not in use at all times. Each 
epartment, line or shaft or individual machine may be 
ontrolled independently of the rest of the equipment. 
here results a great saving in power and expense by 
TION BYeing able to cut out at will sections of a shop or non- 
producing machinery. The proper places to install 
Jutch couplings or friction clutches are where machines 
re idle a good part of the time, sections of shafting 
hat earry little and infrequent load. 
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TESTING FOR FRICTION LOSSES 


Tests ean be made for friction loss, to determine 


a Ble percentage of power absorbed by friction of line and 
ae ounter shafting, as follows: Take indicator cards on 
~~ he engine at intervals during the day while machines 
1e shee? 2 full operation, and again at noon and at night 
. when machines are not in use and the belts on loose 
'  “Bpulleys. By averaging the indicated horsepower when 
a unning under full load and again when running light, 
Pe md deducting the latter from the former, a very accu- 
lta 4 ate record of the amount of power absorver by friction 
of een be obtained. 

y go For instance, if the power required to run machines 
shoul’ full load is 50 hp. and the power required to run idle 
ind @ 10 hp. the friction loss will be as 10 is to 50, or 20 
note? cent of the total power required. 


In the case of motor drives, the input in electrical 
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energy when loaded and when idle must be compared. 
The proper readings to be taken and instruments used 
to take readings are, in the case of direct current motors, 
a voltmeter and an ammeter. Connect volt meter across 
the line supplying current to the motor and the ammeter 
in series with the motor as shown in Fig. 4. Care must 
be taken that the ammeter is of sufficient capacity to 
measure the full load current of the motor. The volt- 
meter reading multiplied by the ammeter reading di- 
vided by 746 will give the horsepower input of the motor. 
For instance, assume the readings to be 220 v., 170 amp. 
when running at full load; and when running idle, 220 
v. and 32 amp.; 220 x 170 = 37,400 w.;->746 = ap- 
proximately 50 hp. when fully loaded ; 220 « 32 = 7040 
w.; +- 746 = approximately 9.4 hp. The 7040 friction 
loss will be as 9.4 is to 50 or 18.8 per cent of the total 
power required. This percentage is low for shafting, but 
can be realized. Tests have shown that from 40 to 75 
per cent of power is often wasted in shafting, belts, 
pulleys and clutches. 

For alternating current motors an indicating watt- 
meter should be used and the readings takeh and com- 
pared and explained for direct current motors. Having 
determined the friction loss, the next step is to find the 
cause, in case the loss is too high. 

If it is found that the power loss in shafting is too 
great, locate where the most power is consumed. This 
can be done by making tests of various sections of the 
shafting. It may be necessary to uncouple the shaft in 
order to make a sectional test, but this must be done, 
and when it is found to be taking too much power the 
cause must be run down. 


At A cost of nearly a million dollars the Potomac 
Electric Power Co. has installed a 15,000-kw. generator 
at its Benning plant, the turbine, with a 21,000-hp. ea- 
pacity, having recently been placed in service. 

The new unit alone has sufficient power to operate 
all the street cars in the district. When combined with 
the former equipment, it gives Washington a power 
plant said to be second to none in the country. 

An order for the machine was placed with Westing- 
house Co., Dee. 11, 1916. It was delivered Sept. 1 last. 
It gives the Benning station a total capacity of 67,000- 
kw., or more than 110,000 hp. 

The company, in October, 1917, ordered four boilers, 
and in June, 1918, ordered two more of 1000 hp. 
each. Two of the boilers have been installed and are in 
operation. 

In order to accommodate the new turbine it was nec- 
essary to erect a large annex to the Benning plant. This 
is equipped with two stacks, each 205 ft. in height and 
12 ft. in diameter. 


From statistics of the U. S. Employment Service it 
appears that requests from employers for workers have 
been declining as compared with registrations for posi- 
tions in most states in the country since about the middle 
of October. Before that the positions exceeded appli- 
eants in ratios of 2 to 1 up to 18 to 1 for various states. 
At present the average call for men about equals or is 
somewhat less than the supply. 
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Inspection and Test of Electric Transmission Lines 


TROUBLES AND LOSSES IN OVERHEAD TRANSMISSION. TESTS 
AND REMeEpDIEs TO Get Best Erricirency. By O. C. CaLLow 


NE OF the first necessities for efficient operation 
of a transmission line is a complete inspection of 
all apparatus, to be made at specific times, a com- 

plete written report being kept of all faulty material 
and the repairs made. When the climatic conditions 
under which a transmission line has to operate are con- 
sidered, varying from summer heat to winter snow and 
ice, it can readily be seen that inspection is one of the 
chief things necessary to insure against shut-down. 


Poe LINES 


ALL poles should be inspected, if of wood, to locate 
any rotting at the butt or bad cracks, those poles which 
are in bad condition being replaced. If the poles are 
of the built-up steel type, they should be painted at any 
places showing a tendency to rust. All guys should be 
inspected for breaks or rusting and should be tightened 
when required. All insulators should be gone over care- 
fully to loeate any which have become cracked or loose, 
and a test should be made of each for leakage to ground. 
On a high-voltage line, faulty insulators can often be 
located in damp weather, by the static discharge, which 
can be heard in the daytime or seen at night. Faulty in- 
sulators will soon cause serious trouble on the line, and 
will often burn the cross arms of wooden poles, particu- 
larly if two insulators become grounded on one arm. On 
steel poles a short cireuit will occur, putting the line out 
of action and probably burning the cable, making a large 
repair job. 

All insulators should be kept clean; this is particu- 
larly important if the line runs through certain indus- 
trial plants, such as cement or lime works, where a 
layer of cement or material of like nature will form 
over the insulators causing a large surface leakage in 
wet weather, which may in time eause the insulator to 
break down. This deposit should be washed off with 
dilute hydrochloric acid or similar solution. 


Cables should be inspected where they are attached 
to the insulators, all clamps being tightened up and any 
signs of wear noted. Sag between spans should be equal 
on all cables to prevent danger of their touching in a 
high wind. There is no definite rule to determine the 
eerrect sag of the cable as there are so many factors 
which must be taken into consideration, such as the size 
and type of cable, length of span, and climate. 


All disconnect switches located on poles or outside 
substations should be inspected, all contacts tightened 
up and cleaned and coated with vaseline. These switches 
should be located in such a position that they can be 
easily opened by the operator when the line is alive with- 
out danger to him, even if some load is on the line. Oil 
switches should be installed at all points where it will 
be necessary to switch off load on the line. 

The line should be well protected against lightning 
by some approved form of lightning arrester. Too much 
attention cannot be paid to this point as a large amount 
of damage may be done to the apparatus in the power 
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the wai 
plant through the failure of arresters to clear the jg and VO 
during an electrical storm. The repair of this appar vatious 
would probably cost much more than a complet, qm 10 to § 
stallation of high grade arresters. If the arrester am connect 
of the electrolytic type they should be charged eqs voltage 
day and the color of the charging spark noted; jg q™ erally ! 
films are in good condition, this spark should be gf which’: 
bluish tint; if it has a red color, the arresters shojgm should 
be charged longer. The horn gaps should be carefyjm rent a! 
adjusted and should be equal on all phases. A gym connect 
amount of the electrolyte should be drawn from } As 





tanks each month and tested. The ground wires fy 
the arresters should be inspected and all conneet 
tightened up. All ground wires on poles should ; 
be gone over. 
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Line TEsts 





VoLTAGE drop is an important factor which sho 
be checked up, as it will show whether losses are ex 
sive. This can be tested by connecting a voltmeter 
one end of the line, and a voltmeter and wattmeter 
the generation station. Simultaneous readings sho 
be taken on all three meters, the difference between { 
voltmeter readings giving the drop at the various lo; 
noted on the wattmeter. This figure should be about 
per cent at full load on the line. If it is found thatt 
drop is high, it is proof that there is excessive line Io 























which may be caused by grounds or overloading. Ir 

It is useful to obtain a record of the losses on ti study 
line during certain fixed periods of time, to show am line, V 
large increase in the losses and act as a guide to troubl tors a 
This test can be made by installing a watt-hour meta when 
at each end of the line, provided there are no brang™ made, 
circuits; the difference in readings taken every 12 hm ing | 
will be the total loss on the line during that perio result 
From this ean be calculated the percentage loss per how In 
giving a definite check on the condition of the ling imprc 
if it is found that the average losses increase, it is@ it inv 
good indication that there is some trouble on the lim cases 
which is causing leakage and an investigation shoul dense 
be made at once. This 

Low power factor is the indirect cause of mug that 
trouble on transmission lines since the current in th deliv 
conductors must be increased, if the output is to be mail for t 
tained the same with a low power factor as it would \™ in ot 
for the higher power factor for which the line was dq to th 





signed. 
ing, higher resistance and greater voltage drop, whit 
will again tend to increase the current. Under the 
conditions the I?R losses will be high and the efficien 
of the line poor. 








increasing, a test should be made to check up the powé 
factor. If a power-factor meter or reactance meter! 
installed on the power house switchboard, this is an ea 
matter and a series of readings should be taken showil 
power factor at various loads. If a meter of this kin 
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is not available, the test can be made by connecting a 
standard voltmeter, ammeter and wattmeter in the cir- 
cuit and taking simultaneous readings on all three .me- 
ters. The power factor can then be found by dividing 
the wattmeter reading by the product of the ammeter 
and voltmeter readings. This should be repeated at 
yarious loads and should give a power factor of from 
70 to 80 per cent, depending upon the nature of the 
connected load. As most transmission lines operate at a 
yoltage too high to be used direct on meters, it is gen- 
erally necessary to use transformers for all three meters, 
which‘ somewhat complicates the connections, and care 
should be taken to get the correct relation between cur- 
rent and voltage coils on the wattmeter. The correct 
connections for this test are shown in the illustration. 
As stated above, the power factor of the system is 
fixed by the nature of the connected load which it sup- 
plies, therefore any remedy to improve this power factor 
must be applied at the distribution end of the line and 
not in the power house. If the load consists chiefly of 
induction motors, the power factor should be about 80 
per cent when the motors are fully loaded. It will fall 
much below this figure, if the motors are only partly 
loaded or running idle on the line, owing to the fact 
that the magnetizing current of an induction motor is 
out of phase with the current utilized for power and is 
nearly constant at all loads. Practically the same condi- 
tion exists in the ease of transformers, with the addition 
that their regulation is seriously affected by low power 


factor. 






























RaIsING THE Power FAcToR 





Ir it is found that the power factor is bad, a careful 
study should be made of the apparatus connected to the 
line, with the object of distributing the load so that mo- 
tors and transformers will be fully loaded, or shut down 
when not in use. A considerable improvement can be 
made, if some of the motor load be replaced by a light- 
ing load, which being noninductive, will increase the 
resultant power factor. 

In many eases, however, it is found impractical to 
improve the power factor by rearrangement of load as 
it involves too much change in existing plant. In these 
eases, a good solution is to install a synchronous con- 
denser at some point near the center of heaviest load. 
This will consist of a synchronous motor arranged so 
that its field can be over excited. This machine will 
deliver a leading current to the system, to compensate 
for the inductive load produced by the induction motors; 
in other words, it will supply the magnetizing current 
to the load while the power component is supplied by the 
generating station, so that the line carries no wattless 
current. The synchronous motor ean be used to drive 
any mechanical load requiring to run over long periods 
with a steady output, such as an air compressor or 
pump, and will still fulfill its functions as a condenser. 
The best results will be obtained with the motor carrying 
a mechanical load of about % of its rated output. 

When the saving in copper on the transmission lines 
together with the lower losses and better regulation is 
taken into consideration, it will be found that the in- 
stallation of a synchronous condenser is more than justi- 
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fied on any line where the power factor is permanently 
low. The following example is of interest to show the 
great difference in size of conductors required on a line 
with high and low power factor. 

A line is required to transmit 1000 kw. at 6000 v. 
3-phase over a distance of 5 mi. with a drop not over 
10 per cent. If a power factor of 90 per cent can be 
maintained, each conductor would have an area about 
97,500 circular mil., but if the power factor were only 
60 per cent, each conductor would have to be about 
218,000 circular mil. or 2.2 times as heavy as with the 
higher power factor. 


Linge INSULATION 


ARRANGEMENT should be made in the generating sta- 
tion so that the general condition of the line insulation 
be known and kept on record. This can be accomplished 
by means of a ground detector. On a high-voltage 
system which is not permanently grounded, this instru- 
ment is generally of the electrostatic type, the reading 
being based upon the measurement of potential differ- 
ence between each line and ground. The line showing 
the smallest reading will therefore be the one which has 
the poorest insulation. 
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CORRECT CONNECTION FOR POWER-FACTOR TEST BY VOLT- 
METER, AMMETER AND WATTMETER ON HIGH- 
VOLTAGE CIRCUITS 


On systems having their neutral point grounded at 
the station, an ammeter can be connected in series with 
the ground wire. This meter will read zero when there 
is no current flowing, thus indicating that there is no 
leakage to ground. Should a ground occur, the meter 
will show a reading and the higher this reading, the 
worse the ground. These readings should not be used to 
base calculations upon, as they will be affected by many 
outside influences such as capacity, etc.; they are, how- 
ever, useful for showing the general condition of the 
insulation of the lines. If a bad ground be noted through 
the reading on the detector, it can sometimes be located 
by opening the disconnect switches on different sections 
of the line until it is noted that the meter again reads 
zero; the last section disconnected will be the one which 
is grounded, and a careful inspection of this section 
should reveal the trouble. 

A megger can be used for testing out the insulators 
for leakage to ground; but is not altogether reliable, 
inasmuch as some insulators will show less resistance due 
to dirt than others which show a high test, but are really 
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defective and will fail on a dielectric test. Generally, if 
the weather is dry, the insulators which show a low re- 
sistance will be found defective upon a close inspection 
and will fail on a dielectric test. A telephone receiver 
can be used to locate faulty insulators by connecting it 
in series with the insulator pin and the ground wire on 
the pole. A faulty insulator will give a different indica- 
tion from a sound one. This scheme can only be used 
on poles having wooden -arms as on steel poles the in- 
sulator pin is already grounded. 


REARRANGING LoAp 


IN MANY cases a considerable economy can be se- 
cured by making a study of the lines with a view of 
rearrangement to meet present conditions of load, which 
may have changed from those when originally laid out, 
due to unexpected rapid growth of consumers in new 
districts, causing overload lines and large voltage drop. 
Inasmuch as the voltage drop on the line is practically 
proportional to the distance over which power is trans- 
mitted, an endeavor should be made to keep the distance 
between the generating station and the center of load as 
small as possible by running the lines as direct as local 
conditions will allow. 

It can readily be seen that the losses on an overloaded 
and badly laid out line taken over a long period, will 
cost a considerable amount of money, which could much 
better be spent in improving conditions on the line, such 
as running a new circuit on the same poles, putting in 
heavier conductors, building a new and more direct line 
or installing a synchronous condenser, if the power factor 
is low, and thus cutting out the losses altogether. 

It is sometimes found advisable to install new trans- 
formers at both ends of the line and increase the voltage 
over the system, using the same conductors, which will 
then be capable of carrying much greater power. It is 
always advisable to keep the line voltage as high as the 
distance of transmission will allow, thus making a saving 
in copper in the conductors. Modern transformers and 
insulators are quite capable of taking care of practically 
any voltage up to 100,000 and the cost of the higher 
voltage line equipment is more than offset by the copper 
saving, if the distance is long. Another disadvantage of 
the low-voltage line is, that as the size of the conductors 
is increased, there will be a certain amount of skin effect 
which will cause increased drop; also the I*R losses will 
be greater when a large current has to be transmitted. 


LINE TRANSPOSITION 


In designing or rearranging a transmission line, par- 
ticular attention should be paid to the transposition of 
the conductors of the line in order to equalize the electro- 
magnetic induction of the conductors with any neighbor- 
ing circuits. In order to accomplish this, the distance 
from any outside circuit must be the same to each con- 
ductor of the line. The conductors should therefore be 
transposed in such a manner as to make the number of 
transpositions on the total length of the line a multiple 
of three. This is particularly necessary on a high-voltage 
line which runs in parallel with other lines and which 
may cause quite an appreciable loss. If two or more 
generating stations on the system are located some dis- 
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tance apart, having the main load adjacent to one gy. 
them, an improvement in operation can be made by oye. 
exciting the generators in the station which is situate 
nearest the load. This will cause the machines in this 
station to supply a large amount of the lagging curren; 
which is taken by the load. In this way, the losses dy 
to reactive current flowing along the line from the fa 
station will be minimized, thus increasing the efficiency, 
TRANSFORMER ARRANGEMENT 

A CAREFUL study should be made of the distribution 
of load on all transformers on the system with 4 view 
of keeping them fully loaded and so eut down thei 
losses. Switches should be provided to disconnect any 
transformers from the lines which are not actually ip 
use, such as those installed for plants which operate 
only at certain seasons of the year and those which 
would only be required in the winter months. The iron 
and magnetizing losses on these transformers will be 
considerable, even at no load and will cause low power 
factor on account of induction. 

Great saving can be made by the use of large capacity 
transformers in place of a number of smaller ones, as 
the total losses on the smallest units will amount to 
much more than the losses on a few fully loaded trans. 
formers. Furthermore, the performance of the large 
units is better in regard to power factor, efficiency and 
regulation. In some places where three transformers 
are in service, connected in delta, and carrying only a 
small load, it is advisable to reconnect two of the trans. 
formers in open delta, cutting the third out altogether 
or keeping it on hand as a spare, so arranged that it can 
be cut in with switches and take the place of one of the 
others in ease of trouble or in addition to them, in case 
of heavier loads. This will do away with the losses of 
one transformer altogether and decrease those on the 
other two as they will be better loaded, resulting in in- 
creased overall efficiency and power factor and _ better 
regulation. 


DISCONNECTIONS 


AuL lines should be provided with disconnecting 
switches so arranged that any sections of the line which 
are not in use can be cut out from the system and thus 
do away with all losses on them. A high-voltage line 
has considerable condenser effect, which even at no load, 
will amount to quite a little wasted power. In addition, 
there may be losses due to faulty insulators to grounds 
or partial shorts, the saving of which will soon pay for 
the installation of the necessary switches. 

In conelusion, a few words showing the importance 
of operating all transmission lines at their greatest effi- 
ciency will be in order. The generators in the power 
house are capable of developing only a certain limited 
output, which has to be distributed to the consumer by 
means of the transmission lines. If the efficiency of the 
lines is 100 per cent, there will be 100 per cent of the 
power for the consumer to use and to produce revenue 
for the generating company. If the efficiency of the line 
is only 50 per cent, the consumer has only half the 
power to use and the company receives only half the 
revenue, but still has to burn the same amount of coal 
and has the same operating expenses. 
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OSSES IN connection with transformers may be 
classified variously as: Internal and external, 
normal and abnormal, operating and maintenance, 

direct and consequential. It is not always possible to 
place a given loss under any one of these headings, for it 
may, and generally does, fall under several of them. 
Thus an abnormal loss may be internal, and may bring 
with it consequential losses. 

An internal loss is one due to conditions existing in 
the active material of a transformer; for example, the 
copper loss. 

An external loss is due to conditions existing in trans- 
former connections, such as circulating currents due to 
improper taps being used in a bank. 

A normal loss is one inherent in the design: 
stances are copper and core loss. 

An abnormal loss is due to unnatural conditions and 
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and are so named to distinguish them from— 

Maintenance losses, which are those incurred when 
the transformer itself is damaged or destroyed. 

Direct losses are those occurring in the installation 
itself while; 

Consequential losses are those which arise outside of 
the transformers themselves—such as damage to persons 
or machinery. 

The above tabulation is not in any sense an outline 
of this article, but is intended as a survey of the field, 
with the hope that it may serve to impress upon the 
operating man the importance of knowing exactly the 
condition of his transformer system. Even losses which 
in themselves are insignificant, loom large when one con- 
siders that from them may come unsatisfactory opera- 
tion, with its attendant reduction of income. 
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CONNECTIONS 


STANDARDIZATION of electrical apparatus agreed upon 
by the manufacturers has to a large degree eliminated 
the simpler errors of connection. Years ago, improper 
connections due to mistaken polarity were not uncom- 
mon, and in the majority of cases did no damage beyond 
the blowing of a fuse or the interruption of service. 
Since the adoption of a standard method of bringing out 
leads from the coils through the case such mistakes are 
rare. 

Figure 1 shows the usual relations between leads in 
an ordinary distributing transformer. 

Parallel operation of transformers requires 

(a) Proper polarity. 

(b) The same ratio of transformation. 

(ec) Similar regulation characteristics. 

No further consideration need be given the matter of 
polarity. Errors in ratio must, however, be guarded 
against rather carefully as mistakes here are not un- 
common. It is obvious that even a small difference in the 
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Transformer Losses 


TESTS FOR CONDITION, INTERNAL LOSSES, AND 
DistriBsuTION LOssEs. 


By V. E. JoHNSON 





voltage of coils, operated in multiple, with short, low- 
resistance connecting leads would result in heavy cir- 
culating currents and the accompanying losses and 
heating. 

In rare instances, the manufacturer supplies an in- 
correct name plate, but misreading of the data stamped 
on it causes the great majority of such errors. Com- 
panies which use both standard 2200 to 220-110-volt 
transformers and 2200 to 244-122-volt (now non- 
standard) transformers are very likely to encounter 
trouble from ‘‘mixing’’ these two ratios. This mistake 
is particularly likely to happen in the case of a syndi- 
cate shipping apparatus to its various properties from 
a central warehouse. 

In banking transformers provided with taps, care 
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Fig. 1. USUAL ARRANGEMENT OF TRANSFORMER LEADS. 
ARROWS INDICATE RELATIVE INSTANTANEOUS POLARI- 
TIES. TOP VIEW WITH COVER OFF 
FIG. 2. CONNECTION DIAGRAMS FOR TRANSFORMERS: A, FOR 
DELTA OPERATION ; B, FOR STAR CONNECTION ; 

C, FOR OPEN DELTA 


should be taken to connect similar taps, as the per- 
centages of error involved may cause serious heating. It 
is advisable always to refer to connection diagrams in 
such cases, for even the most expert lineman cannot 
distinguish a 214 per cent tap from a 5 per cent tap by 
appearance or location alone. 

Due to differences in design, the regulation curves of 
the various makes of apparatus are often unlike. The 
result is that when attempts to parallel them are made, 
the load is not divided properly. <A few of the leading 
manufacturers have practically identical design, and no 
transformers in any combination; but as a general rule 
it is well to consult the makers before connecting im- 
portant installations consisting of more than one type 
of apparatus. Methods of experimentally deriving the 
regulation curve of a transformer will be described later. 

In polyphase systems, the number of possible com- 
binations is so large that it is impossible to list them all. 
There are, however, a variety of simple schemes for 
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lowing is perhaps the simplest: 

Ist. Connect each transformer series, series parallel 
or parallel, leaving out of consideration entirely the 
interconnections between transformers (which are to be 
made later). 

2nd. Reduce (on paper) each transformer to its 
simplest terms, i. e., neglecting all internal connections 
consider it as simply a two-coil transformer with two 
primary and two secondary leads. 

3rd. Indicate or represent each of these elementary 
coils by an arrow, the tail representing the start of the 
coil, the point the finish. In other words, the direction 
of the arrow indicates the polarity of the coils. 

4th. For delta operation use the plan of Fig. 2A. 
The three arrows follow each other, around the triangle, 
expressing simply the rule that in this connection the 
beginning of each coil is joined to the finish of the 
next, these junctions being the terminal points for the 
main leads. 

5th. For star or Y operation use connection 2B. 
This expresses simply the rule that in a Y connection, 
the corresponding terminals of the three transformers 


S. 


3 -WIRE 
3 PHASE 


FIG. 3. COMBINATIONS OF WINDINGS FOR PRIMARY AND 
SECONDARY: A, 3-WIRE, 3-PHASE; B, 3-PHASE, 4-WIRE 
PRIMARY, 3-PHASE SECONDARY ; C, 4-WIRE PRIMARY 
STAR, SECONDARY DELTA; D, 3-WIRE PRIMARY 
STAR, SECONDARY DELTA 
FIG. 4. WET PAPER FOR DETECTING WATER IN OIL 


are joined, the line leads being attached to the three 
free terminals. 

6th. Open delta is the result of removing one trans- 
former from the delta and leaving the polarity relations 
of the other two unchanged, as in 2C. The dotted arrow 
shows the missing transformer. 

With a few exceptions of which the most notable are 
indicated in Fig. 3, any combination of star or delta 
primary to star or delta secondary is workable. 

A may cause unbalanced voltages in the secondary, 
analogous to a blown neutral fuse in a 3-wire system. 

By using a 4-wire primary, B (connecting the neutral 
point to neutral of generator), this unbalancing is 
avoided. 

C will not work on a 4-wire system because of the 
setting up of harmonics in the secondary, resulting in 
heating which may damage the insulation. 
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By cutting off the neutral wire as at D, this trout, 
is eliminated as it isolates the generator harmo nies frog 
the transformers. 

(In the above statements reference has bee: made 
harmonies. It is not possible to discuss these p ienomen 
in an article of this size; the.reader is referred to any 
standard advanced text book. ) 

Errors in the connections of transformers on poly. 
phase systems usually manifest themselves by unhalaneg 
or improper voltages at the receiving end, aiid logge 
resulting from these are usually consequential. Motoy 
may fail to operate properly or may burn out, anj 
various similar connected apparatus may give dissati 
faction to the user. 


Om AND CooLInG SysTEMS 


Ort IN a transformer serves two purposes, first, jt 
earries the heat generated in the interior of the trans 
former to the outside, where it is transferred to the cap 
or to the cooling coils, and second, it serves as an jp. 
sulating medium. 

In carrying out its first function, that of cooling, the 
oil circulates through the various ducts between the coils 
It is obvious that dirty oil will not pass freely through 
these passages, and will deposit in them foreign matte 


VOLT METER 
5 TOALL COMMS, 


a4 


SWITCH - 





250V OR 
S00V. DC. 


TRANSFORIIER 
UNDER TEST 





— 
70 CASE OP IRONF 





FIG. 5. CONNECTIONS FOR INSULATION 


OF TRANSFORMER 
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which hinders heat transference, both directly and by 
still further retarding circulation. 


In order to act as an insulator, it is necessary that 
In 2200-volt transformers 
(and in those of still lower voltage) small quantities may 
be present without doing any harm, but in the higher 
potentials, even minute amounts will, under certain 


there be no water in the oil. 


conditions, cause burnouts. 


Dirt in oil is readily detected; water can be discov- 
(1) Wetting a piece of 
soft paper partly in the oil, the water will reveal itself 
in a narrow line between the oiled and dry portions of 


ered by the following methods: 


the paper, Fig. 4. 


(2) Plunging an iron rod heated to a faint red into 
the oil indicates the presence of water by a crackling 


sound. 


(3) Using an oil-testing outfit consisting of spark 
gap and high-voltage testing transformer. The standard 
break-down test is 40,000 volts across a 0.15-in. gap be 
tween 14-in. spheres, with the gap 6 or 7 in. below the 
surface of the oil and the temperature about 70 deg. 
This is a very accurate test and also locates other im- 
purities such as carbon particles and suspended metal 
Percentages of water far too small to be indicated 


dust. 
by tests 1 and 2 are readily located by this method. 
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If the number of transformers in service justifies the 
pspense, tle last method is ideal; but it involves an ex- 
renditure for a complete outfit of some $500. 

Water having been detected, there is, strictly speak- 
ng, only one method of removing it, and that is by 
means of an oil filter. Heating the oil in suitable metal 
ontainers will, it is true, drive off the moisture, but 
here is grave danger of overheating and damaging the 
i] itself. Furthermore, any heating process removes 
ly the water; particles of metal and carbon remain in 
uspension and are not affected. 

Water finds its way into a transformer case in sev- 
ral ways. If cold oil is handled in a warm room, 
moisture will condense into it. If a transformer case be 
hot airtight, moist air may enter it and eventually cause 
rater to accumulate. A cracked cover will allow rain 
0 enter. 

In water-cooled transformers leaks sometimes develop 
m the cooling coils. But a more usual source of moisture 
n these types is the sweating of the coils above the 
urface of the oil. It is customary to lag or insulate 
» he upper turns of pipe to prevent this, and care should 
‘Bbe taken that all of the exposed pipe is so covered. 


New transformers when of the larger sizes may 
rather moisture in shipment, as it is often necessary 
o ship these outside of the case. There is no certain 
method of knowing whether an appreciable amount of 
ater is present, but the nearest approximation avail- 
ble is obtained by making an insulation resistance test. 
his is done by taking readings, using 250 or 500 volts 
lirect-current, with a high-resistance voltmeter. Figure 
b shows how these readings are taken. Closing the 
witch gives the value V, opening the switch gives vr. 
rimary and secondary leads are connected together dur- 
ing the test. 

By using the following formula the insulation re- 
istance is obtained : 


r (V—v) 


R= 
v 

Where, R = insulation resistance in ohms; r=—re- 
istance of voltmeter used (as marked in the cover or on 
he seale); V= voltage of line; v = voltage indicated 
mm voltmeter with insulation in series. R should not be 
. fess than 300 megohms. If it tests less than that value, 
he coils must be dried out before being placed in the 
ank, 

This can be done in several -ways, the two simplest 
being: (a) Short-cireuiting low tension leads and apply- 
ng a low voltage to the high potential coils until the 
emperature of the transformer is maintained at from 
) to 80 deg. centigrade (165 to 175 deg. F.), as deter- 
mined by thermometers placed on various parts of the 
pparatus. (b). By passing heated air from a hot air 
stem over the coils, maintaining temperatures as in 
method (a). 

Insulation resistance should be tested hourly and the 
sults plotted as a curve until the readings become 
nearly constant. Then, as an added precaution, the dry- 
g process should be continued 1/5 of the number of 
hours required to reach this point. That is, if 20 hr. 
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were required to reach constancy, 4 hr. more should be 
allowed as a margin of safety. 

On large transformers (even though they are in per- 
fect condition when installed) a sample of oil should be 
drawn off from the bottom of the tank every four or five 
months and tested. 

Water-cooled transformers have little radiating sur- 
face outside of the cooling coils; any accumulation of 
scale inside of these or of sludge or slime on the outside 
results in an immediate rise of temperature. Good 
transformer oil will not deposit any sludge, but pvor 
circulating water will produce various kinds of scale 
which must be removed by acid solutions. When a water- 
cooled transformer is to be stored away or left idle 
indefinitely, the coils should be drained of water and 
filled with oil. 


INTERNAL TESTS 


So FAR we have dealt only with conditions existing 
outside of the coils and iron. Of the internal tests, the 
most important is that of the insulation. Hundreds of 
thousands of people are daily trusting their lives to the 
insulation between the primary and secondary coils of 
the transformers which supply them with energy. 
Grounding of secondaries has reduced this ‘‘personal’’ 
danger, but should not serve as an excuse for shirking 
the rigid inspection of major transformer insulation. 
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CONNECTIONS FOR TESTING COIL INSULATION OF A 
TRANSFORMER 


Fia. 6. 


The insulation resistance test as described in a previ- 
ous paragraph is valueless in determining the dielectric 
strength of barriers in transformers. For making these 
tests, 1, source of high voltage; 2, means for adjusting 
this voltage, and 3, means for measuring it are necessary. 


The source may be a high-tension transformer of 
voltage as indicated in the table of test values, on which 
the low voltage can be varied, either by means of an 
induction regulator, or by varying the excitation of the 
supplying generator. The voltage can be measured by 
a voltmeter connected to the low-tension wires of the 
transformer, or by means of a needle gap. The former 
method is simpler, and is perfectly satisfactory, except 
for extremely high potentials. Figure 6 shows how con- 
nections are made for the test. 

The following table taken from the A. I. E. E. rules | 
shows test voltages to be applied. The potential should 
be raised gradually to the required value, held there for 
one minute, and then reduced to a low value before 
opening the switch. 
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TABLE I. Test VoLTaGces FoR INSULATION TEST 
Voltage of Coils Capacity Test Voltage 
Under 400 volts Under 10 kw. 1000 

400-800 Under 10 kw. 1500 
Under 400 Over 10 kw. 1500 
400-800 Over 10 kw. 2000 
800-1200 Any kw. 3500 
1200-2500 Any kw. 5000 
Over 2500 double rated 
voltage 


Transformers having 550 to 5000-volt primaries for 
distribution service should have 10,000 v. applied be- 
tween primary and ground and between primary and 
secondary. Between secondary and ground use the 
voltages in the table. 

Core Loss 


Core loss is that due to the continuous reversal of 
the magnetism in the iron of the transformer. It goes 
on as long as the transformer is connected to supply 
line, and is practically constant, regardless of load. 

In Fig. 7 are shown the proper connections for ‘‘run- 
ning’’ a core loss curve. The testing current is, for 
convenience and safety, applied to the low-tension wind- 
ings, though the same results could be obtained by 
supplying power to the high potential side. The coils to 
which ctirrent is supplied can be connected in series, 
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FIG. 7. CONNECTIONS FOR RUNNING CORE LOSS TEST 


parallel, or series-parallel, without affecting results of 
the test. 

The wattmeter should have a rating of approximately 
2 per cent of the transformer capacity. Thus a 7.5-kw. 
transformer would require a 150-watt wattmeter. This 
proportion varies with different sizes and makes, but 
serves aS an approximation. Similarly, the ammeter 
will be required to have a capacity in the neighborhood 
of 3 per cent of the ampere rating of the transformer, as 
connected for test. The voltmeter must, of course, be 
capable of indicating at least normal low-tension voltage 
and should have a scale such that 34 normal voltage can 
be easily read. Figure 7 shows all self-contained instru- 
ments, but if the low-tension voltage is over 500 it will 
usually be necessary to use instrument transformers. 
This in no way alters the method of carrying out the 
tests, but for the sake of simplicity in this discussion a 
220-110-volt secondary with its coils on multiple has been 
assumed as being under test. 

After connections have been made as shown, a series 
of readings starting with 34 voltage should be taken 
and the results tabulated as- in the table, which is an 
actual curve taken in the testing department of a leading 
manufacturer.’ 

The voltmeter had 1750 ohms resistance. Wattmeter 


January 1, 1919 
had 3500 ohms resistance. The test was taken with sec- 
ondary coils in parallel for 110-volt operation. 


TABLE IJ. ReEsuuts or A Core Loss TEst 
Instrument Loss 


Indicated Volt- Watt- Net 
Volts Amps Watts meter meter Watts 
85 1.0 52.0 4.1 2.0 46 
95 1.10 57.0 5.2 2.6 49 
100 1.20 61.0 5.7 2.8 52.5 
105 1.30 65.0 6.3 3.1 56.0 
110 1.43 70.0 6.8 3.4 60.00 
115 1.58 75.0 7.6 — 3.8 64.00 
120 1.76 80.0 8.2 4.1 68.00 
125 2.03 88.0 9.0 4.5 75, 


Frequency normal at all points. 

It is usually permissible to neglect the error due to 
power consumed in the instruments, but if tests are 
being made for the purpose of checking guarantees, they 
may be allowed for as follows: The wattmeter as con- 
nected includes in its indication the watts lost in the 
voltmeter and in the potential coil of the wattmeter. (In 
passing, it may be noted that in some types of watt- 
meters a special binding post is provided which auto- 
matically allows for the losses in the instrument itself, 
thus making it necessary to deduct only the voltmeter 
loss from its readings.) These values are determined 
by squaring the voltage applied. and dividing by the 
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Fig. 8. 


resistance (as indicated in its cover) of the instrument. 
Thus if the voltmeter had 2000 ohms resistance its 
loss at 120 volts would be 120? — 2000 = 7.2 watts. The 
sum of the voltmeter and wattmeter potential coil losses 
should be subtracted from the wattmeter readings. Am- 
meter readings have no bearing on the core loss; indicat- 
ing as they do merely the magnetizing current, no allow- 
ance need be made for the extremely small currents taken 
by the potential coils of the volt and wattmeters. 
Manufacturers’ guarantees are based on a sine wave 
of impressed voltage and reference is always made to 
the temperature at which ratings hold, usually 25 deg. 
C. (77 deg. F.). It is difficult to determine the wave 
shape of the testing current without the use of expensive 
and complicated apparatus. As a result, core loss as 
referred to voltage measured by an ordinary voltmeter 
may vary by several per cent either way. To avoid this 
ever-present source of error, there has been placed on 
the market for use in transformer and apparatus testing 
a so-called iron loss voltmeter, which indicates, not the 


’ effective voltage, as does an ordinary voltmeter, but the 


value of a sine wave voltage producing the same loss as 
does the potential to which the instrument is connected. 
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If the iron-loss voltmeter, for example, were con- 
nected in Fig. 7 and indicated 100 volts, this would mean 
that the iron loss in the transformer under test was 
that of a 100-volt sine wave. 


Copper Loss 


Tuis is the I°R loss in the conductors of the primary 
and secondary coils. It varies with the load, becoming 
almost zero at no load. 

To find this loss for any current, it is only necessary 
to multiply the measured secondary resistance by the 
square of the secondary current, and to add to this 
product the product of the primary. resistance and the 
square.of the primary current. Obviously then, the first 
step is to find the resistance of the transformer. 

The drop of potential method is the most convenient 
one for obtaining resistance and is shown diagrammatic- 
ally in Fig. 8. 

Direct current is used for this test, and should be 
kept at a very low value (say 20 per cent of the normal 
rated current of the coil under test) in order that errors 
due to changes of temperature may not be introduced. 
Three readings at different points should be taken and 
tabulated as follows: 


TABLE III. Resistance Test VALUES 


Primary Secondary 
Average Average 
Vv A Ohms Ohms V A Ohms Ohms 
1.81 .424 4.25 310 5.05 .0615 
2.62 .610 4.30 4.30 369 6.00 .0615 .0615 
3.12 .720 4.34 430 7.00 .0615 


This test should be made quickly and the current 
interrupted between readings, in order to keep the tem- 
perature low. Resistance should not be taken until the 
transformer has reached the temperature of the room in 
which the test is made, in order that a thermometer 
placed on the coils may indicate not only temperature 
at the surface, but of the interior as well. 

The resistances obtained by the foregoing method 
should be reduced to the resistances at standard 25 deg. 
eentigrade by the following formula: 


263 
Res. at 25 deg. —=R (—————) 
238 + t 
where R is the resistance as measured at temperature 


t in deg. C. 

In making resistance tests, the size of the ammeter 
to be used is, of course, obtained from the name plate 
data. The voltmeter required can be calculated from 
the maker’s efficiency data; but a double scale volt- 
meter, 0 to 1.5—0 to 15 volts, will be of correct size for 
any 2300-volt transformer. 

Having determined both primary and secondary re- 
sistance at 25 deg. C., a tabulation as in Table V will 
Serve as a data sheet on which to base a copper loss 
curve. 

Snort Circuit TEst 


Tus test is used to determine the regulation of the 
transformer without applying full loads to it, also as a 
check on the copper loss as determined by the resistance 
method. 
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The connections for this test are made as in Fig. 9. 

If high accuracy is wanted, allowance must be made 
for instrument losses in the manner previously de- 
scribed. The size of the instruments can be determined 
by the ‘‘trial’’ method or can be ecaleulated as follows: 

Voltmeter should be designed to read between 2 and 
5 per cent of the primary voltage. Ammeter should be 
rated at 150 per cent of the primary amperes of trans- 
former under test. The wattmeter should be of approxi- 
mately the size determined by the resistance test of 
copper loss, as it will indicate slightly more than the 
sum of primary and secondary copper losses. 

Readings should ‘be taken at 14, 14, 34 and full load 
current, and, if the ammeter is sufficiently large, at 11, 
and 114 load. Tabulations should be made as in Table 
IV. Frequency must be kept normal. 


TABLE IV, Vauures From SnHorr Circurr Trsr 
Imped- Loss in Loss in 
% ance Indicated Volt- Watt- Net 
Load Volts Amps. Watts meter meter Watts 
25 13 85 8.15 10 .05 8 
50 27 ‘1.70 31.6 41 .20 31 
75 40 2.55 73.46 97 49 72 
100 3954 3.41 129.9 1.66 83 127 
125 66 4.26 198.7 2.50 1.25 195 


Resistance of voltmeter 1750 ohms. 

Resistance of wattmeter 3500 ohms. 

On large: transformers care should be taken that the 
leads used to short-circuit the secondary are heavy 
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enough, as any losses in these connections will be in- 


* eluded in the wattmeter readings and so impair the ac- 


curacy of the test. 

If a comparison be made between the short-circuit 
curve wattmeter readings and the copper loss measured 
by the I?R method, a slight difference will be noted. The 
former being larger. This is due to the fact that the 
wattmeter measures, in addition to primary and second- 
ary copper loss, a slight core loss (which at 2 or 3 per 
cent of normal voltage is almost nothing) and the eddy 
currents in the conductors themselves. These eddy cur- 
rent losses may be segregated by subtracting from the 
wattmeter readings at any load the corresponding I?R 
loss obtained by calculation. These values are sometimes 
ealled load losses. 


REGULATION 


REGULATION is the ratio of rise of secondary voltage 
from full load to no load, to full load secondary voltage, 
the primary voltage having been kept constant through- 











out the tests. Experimentally, it can be determined by 
measuring full load voltage, V, and no load voltage, v 
(using a lamp or water rheostat load for 100 per cent 
power factor determination), and applying formula; 
regulation = (v— V) --v reduced to per cent. This 
method is, however, inconvenient, and for large trans- 
formers entails heavy losses of power during the test; 
as well as the construction of cumbersome load devices. 
By using the data obtained in the impedance or short-. 
circuit curve in the following calculations, regulation can 
be accurately and easily determined. 

(A) Let IR—resistance drop 6f transformer ex- 
pressed in per cent of rated voltage. This is obtained 
as follows: 

Primary IR 
+ secondary IR 





ratio of transformation 
rated secondary voltage. 
Where I—rated full load current, and R = resist- 
ance as obtained in a previous test. 
(B) Let [X = reactive drop expressed i in per cent of 


rated voltage. It is found as follows: 
IX = V [(% Impedance drop)* — (IR)?] 
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Impedance drop is taken from data obtained in the . 


short-circuit test. (IR)? is obtained from formula A 
above. 

(C) ‘‘In phase’’ component of voltage drop, S=IR 
(power factor) + IX (wattless factor). 

Wattless factor is obtained from the following: 
ee oe ee 1.00 .90 8 80 .70_ .60 
Wattless factor is .. .00 42 52 .60 .70  .80 

‘‘Right angled’’ component of voltage drop; 

(D) t=IX (power factor) —IR (wattless factor) 

(E) Then per cent regulation =S + (t?-+ 200). At 
100 per cent power factor the wattless factor is zero, so 
formula (E) becomes, 

(F) Per cent regulation = IR + (IX? 200). 

Formulas E and F are not absolutely correct, but 
they are a convenient means of solving for regulation 
and introduce an almost negligible error. For deriva- 
tion the reader is referred to almost any standard text 


book. 
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EFFICIENCY 


output output 
EFFICIENCY = = 

input output + losses. 
usually calculated at 14, 14, 34, full and 114 load. In 
transformers which operate on a 24-hr. load, the figuires 
for these various points are valuable in determining the 
desirability of a given type; in lighting service, however, 
there is a long period of no load which accentuates the 
no-load losses. For this kind of service the determina- 
tion of what is known as “‘all day efficiency’’ is more 
important than the derivation of ‘‘load efficieney.’’ ‘‘ All 

integrated output 





It is 


during 





day efficiency’’ is the ratio of 
integrated input 
a 24-hr. period. 
EXAMPLE OF ALL Day EFFicIENcy 


TO MAKE CLEAR in a concrete way the various curves 
and tests above enumerated and described under internal 
losses, an actual case will be useful. 

Name plate data 2200/220-110 volts; 60 cycles, sina 
phase high-efficiency type transformer, 7.5 kv.a. rating. 
From this we may calculate the following: 








7500 
Ratio 10: 1. Primary current = 3.41 amp. 
2200 
7500 
Secondary current == 34.1 amp. 
220 


The transformer has been standing in a room of 28 
deg. centigrade for several days so that.this may be 
safely taken as the coil temperature. The results of re- 
sistance tests as tabulated in Table III show resistance of 
primary and secondary to be 4.30 ohms and 1.0615 ohms 
respectively at 28 deg. C., which being reduced to re- 
sistance at 25 deg. becomes (using formula under ‘‘re- 
sistance’’), 


263 
Primary resistance at 25 deg. =4.3 (————_) = 
238 +- 28 
4.25 ohms. 
263 
Secondary resistance at 25 deg. = 0.0615 (————-) 
238 + 28 


== 0.0608 ohms. 
The copper loss by I?R method now becomes as in 


Table V. 
TABLE V. Copper Loss TABLE 


Primary Secondary 


Per cent Total 
Load Amps Ohms Watts Amps Ohms Watts Watts 


25 0.85 425 3.0 85 .0608 4.4 7.4 
52 «11.70 425 123 17.0 .0608 17.6 29.9 
75 255 425 27.6 25.5 .0608 39.5 67.1 
100 341 425 495 341 .0608 70.8 120.3 
125 426 425 77.0 426 .0608 110.0 187.0 


It will be noted that the total watts above are less 
than the watts obtained on the short-circuit test and 
tabulated in Table IV. Figure 10 shows curves plotted 
from the short-circuit test. 
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The core loss and saturation test results give a set of 
curves as shown in Fig. 11. The data are those in 
Table II. 

From the data above given the efficiency can be de- 
rived as follows: 


TABLE VI. CALCULATIONS OF EFFICIENCY 


Full Load 1% Load 14 Load 
I?R Loss 120.3 29.9 7.4 
Core loss 60.0 60.0 60.0 
67.4 
1875.0 


180.3 
7500.0 


89.9 
3750.0 


Total loss 
Output 


7680.3 
7500 


3839.9 1942.4 
3750 1875.0 
Efficiency ———_ = 97.7 ——_=97.6 ——-~= 96.7 

Per cent 7680 3839.9 1942 


Some authorities use copper loss as taken from Table 
IV, thus allowing for eddy current losses. As a com- 
parison, full-load efficiency based on these : figures is 
shown below. 


Input 


I?R + load loss 127 
Core loss 60 

Total 187 
Output — 7500 


Input 7687 
7500 
Efficiency —— =97.6 per cent 
7687 

The effect of this method of figuring is almost 
negligible. 

All-day efficiency uses the standard assumption that 
during 24 hr. the transformer operates 5 hr. at full load 
and 19 hr. at no load. 

Output= 5 hr. at 7.5 kw. = 37500 watts 
Output 19 hr. at 0 kw. = 0 watts 


37500 watts 
Input 5 hr. at 7680 w. = 38400 watts 
19 hr. at no load = (19 XK 60 watts) — 1140 watts 


39540 watts 
37500 
All-day efficiency = -== 95 per cent. 
"89540 : 

For purposes of comparison, it is interesting to note 
the case of a transformer of the same full-load efficiency, 
but having 60 watts I?R loss and 120 watts core loss. 

Output as before 37500 

Input, 5 hr. at 7680 = 38400. watts 

19 hr, at no load = (19 & 120) = 2280 


40680 
37500 
Kfficiency = 92.5 per cent. 
40680 
This illustrates the necessity of what is technically 
known as ‘‘balanced design.’’ 
The full load regulation at 100 per cent power factor 
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and at 80 per cent may be determined as follows, using 
formulas previously given: ; 

Primary IR= 425 3.41=145 volts 

Secondary IR=0.0608 < 34.10 = 2.07 volts 
Then from (A), 

14.5 3.52 
IR per cent = (—— X 2.07) --——- = 1.6 per cent 
10 220 

Impedance drop (Table IV) 54 volts = 54 +2200 
= 2.45 per cent. 

Then from (B), IX=vyV (2.45?—1.67)=yY (6— 
2.56) = V3.44—1.85 per cent—reactive drop. 

At 100 per cent P. F. wattless factor —0. Hence 
S=IR and t=IX. 

From (F) per cent regulation = 1.6 + (1.85? ~ 200) 
=1.6 + 0.0172 = 1.61 per cent = regulation. 

At 80 per cent P. F., wattless factor = 0.60. 

S=(16 X .80) + (1.85 X .60) = 2.39 
t = (1.85 X .80) — (1.60 XK .60) = .52 

From (C) and (D), per cent regulation = 2.39 + 
(0.52? = 200) = 2.39 + 0.0013 = 2.391 per cent regula- 
tion. 
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FIG. 11. CURVES FROM CORE-LOSS TEST 


If, for any reason, it is necessary to determine the 
rate of transformation of a transformer, the simplest 
method is to read simultaneously on two voltmeters, or 
read on one voltmeter equipped with a double-throw 
switch, the voltage on the primary and secondary. In 
making this test, it will usually be necessary to have a 
standard potential transformer to use in connection with 
the voltmeter in reading the high-voltage side. 

In order to determine whether or not the trans- 
former has its leads brought out in accordance with Fig. 
1, the following simple test is used: Connect as shown 
in Fig. 12 and measure voltage from A to B and from 
Ato C. If A to B gives the higher indication, the leads 
are brought out incorrectly; but, if A to C gives the 
higher reading, the connections are correct, and are 
schematically arranged as in Fig. 1. 

Tests above described are those usually performed 
and are sufficient to indicate accurately the character- 
istics of a given transformer. 


EVALUATION oF LOSSES 


In orDER to use intelligently the figures obtained, it 
is necessary to evaluate the losses in terms of dollars and 
cents. An example of a more or less rough and ready 
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determination will show how this is done. Assume a 
lighting transformer of a type similar to the one which 
has been under consideration. Tests show it to have an 
all-day efficiency of 91 per cent, i. e., its input is 41,200 
watts, an increase of 1640 watts over the high efficiency 
type per 24 hr. or about 600 kw.-hr. per year. If the 
cost per kw.-hr., distributed, is 2 cents, this would mean 
a yearly saving of $12 as compared with a standard high- 
efficiency transformer, without allowing anything for 
station capacity cost. At present prices a 714-kv.a. 
transformer costs $108; the old transformer is worth 
about $15, making a net cost of $93. Including the cost 
of making the change, ete., the total investment would be 
about $100, on which the central station receives $12 as 
interest and’ depreciation. 

The consequential losses following upon poor regula- 
tion are various, but perhaps the most striking example 
is that furnished by the variation of wattage of lamps 
under varying voltage. For example, if a 110-volt lamp 
is operated on a 105-volt circuit, it consumes only 92.9 
per cent of its rated wattage; and what is more im- 











a, 


ae 


PRIMARY 


4 S) (F-« 


FIG. 12. METHOD TO TEST TRANSFORMER LEAD CONNEC- 
TIONS. CONNECT TESTING CURRENT TO A AND B. 
THEN CONNECT B TO D 


SECONDARY 











portant, gives off only 84.9 per cent normal candle 
power. Thus a very small decrease in voltage affects 
seriously both the central station’s income and the 
service rendered to consumers. 


CHARACTERISTIC PERFORMANCE DATA 


As AN aid in checking efficiencies, the following Table 
VII shows the data on a high grade line of transform- 
ers for distributing service. 


Taste VII.° Data or TRANSFORMERS 


Copper Efficiency % 
Rating Loss Loss Regulation 100% 50% 
k.w. Watts Watts Percent Load Load 

1 19.5 26.5 2.75 95.7 95 

3 34 62 2.16 97 96.98 

5 44 88 1.86 97.39 97.37 

10 79 144 1.58 97.8 97.73 
20 132 297 1.54 98 98.03 

200 350 1.26 98.24 98.12 

270 565 1.22 98.35 98.36 
75 385 700 1.00 98.60 98.50 
100 520 880 95 98.6 98.5* 
200 1450 1700 95 98.4 98.1* 

*For a different design. 

It will be noted that efficiencies improve in the 
larger sizes. Years ago it was customary to install a 
0.6-kv.a. transformer in front of every house, but today 
secondary networks are used, each network being fed 
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by several larger transformers, 714, 10 or even 25 kv.a. 
if in a congested district. The advantages of this ars, 
first, in the higher efficiency of the larger transformers; 
and, second, and of much more importance, the saving in 
investment and in losses due to taking advantage of the 
diversity factor of a residence load. Under the old 
scheme, a house with 600 watts connected load had to 
have a 600-watt supply even though it was fully loaded 
only once a year. Under the new scheme, 10 houses with 
a total connected load of 6000 watts can be carried on a 
2-kw., for the simple reason that seldom, if ever, do 
more than two or three of the houses have their maxi- 
mum load on simultaneously. 

In laying out a distribution system, every effort must 
be made (consistent with good service) to limit the num- 
ber and kv.a. of transformers installed to the very 
minimum, thus reducing materially the all-day losses. 
Similarly in a substation, where proper switching facili- 
ties are provided, it is economy to cut out unnecessary 
banks of transformers during off-peak periods. 

Isolated plants having ‘‘standby’’ service from a 
central station can save energy and coal for them- 
selves or the station by providing oil switches in the 
primaries for eliminating core loss during the long 
periods of idleness. . 


CHECKING DISTRIBUTION SYSTEMS 


In A distribution system consisting of a large num- 
ber of transformers, it often happens that transformers 
are improperly loaded. It is not at all uncommon to 
find a 10-kv.a. installation carrying a 2-kv.a. peak, and 
a 5-kv.a. carrying a 10-kv.a. peak. Such errors are due 
to shifting loads and can be eliminated by means of a 
eareful and thorough survey. 

The quickest method of making this is to equip a 
‘*flying squad’’ of men with split core current trans- 
formers (such as are built by the General Electric and 
Westinghouse Cos.) and ammeters. Long leads are pro- 
vided so that the lineman ean clamp the split core around 
the secondary leads of a transformer under test, while 
the assistant on the ground reads the meter. With a 
car, two men can cover from 20 to 30 transformers in a 
night, readings being taken, of course, only during peak 
hours. Early fall is the most favorable time for this 
work. ; 

A slower but more accurate method is to substitute 
for the indicating ammeter a recording instrument, 
leaving this on each transformer 24 hr. This method 
gives an accurate curve of load variations, but on large 
systems consumes a great deal of time. 

Such a survey, carefully made, and intelligently 
acted upon, will materially reduce no-load losses, and 
in addition permit of a re-arrangement of apparatus 
which may save large sums of money by making new 
purchases unnecessary. One of the commonest results of 
a survey is a store room full of extra transformers. If 
these are old, and non-standard, they should be given a 
series of tests as described in this article, and if found 
to be inefficient or unsafe, discarded. Newer types 
should be given a ‘‘puncture test’’ with high voltage, and 
if time permits, a core loss test. Any ingenious me- 
chanie can improvise a test table which by making con- 
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nections convenient will reduce the time of a given test 
materially. 


RESUME 


Be sure that transformers are connected properly 
and, are of the proper size and ratio. 

Test insulation as often as a transformer comes into 
the storeroom. 
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Check old types of transformers and discard all hav- 
ing high losses. 

Examine oil from time to time, and filter when 
necessary. 

A conscientious observation of these precautions can 
not fail to increase efficiency of operation and reduce 
the number of burn-outs, to say nothing of conserving 
human life. 


Electric Motor Tests 


By Ortromar H. HENSCHEL 


NSTRUCTIONS given relative to the inspection of 

electric generators, pages 54 to 58, apply equally 

well to motors. If machine windings have been dam- 
aged or subjected to moisture, insulation resistance tests 
are advised. Measurements may be made by using 500-v. 
direct-current, and a 500-v. direct-current voltmeter, 
employing the scheme of connections indicated in Fig. 1. 
Read the line voltage, connect resistance to be measured 
in series with voltmeter, and take a second reading. 

Dividing the product of the resistance of the volt- 
meter winding, in ohms, and the difference between line 
voltage and the voltage reading with insulation in series 
with voltmeter by one million times the voltage reading 
with insulation in series with voltmeter, will give as a 
quotient the resistance of insulation in megohms (one 
million ohms). 


If grounded circuit is employed, connect grounded | 


side of line to frame of machine and the voltmeter be- 
tween the windings and other side of circuit. 

Insulation resistance should be approximately one 
megohm for each 10,000 v. applied in test, and no ma- 
chine should have an insulation resistance of less than 
one megohm. 

Motor speed tests may be conducted by measuring, 
under loads ranging from zero to 150 or 200 per cent of 
machine rating, the number of revolutions per minute 
of the revolving member employing either some method 
of count, or some form of speed indicator. Curves ob- 
tained by plotting load values against corresponding 
speed values indicate the performance of the machine. 

Due to increasing field strength, the speed of a 
series-wound motor will decrease with increasing load in 
the manner indicated in Fig. 2, while with a shunt- 
wound, direct-current machine, in which the field 
strength remains practically constant throughout a con- 
siderable range of load, drop in speed from no load to 
full load seldom exceeds 5 per cent. Figure 2 also 
illustrates a typical compound-wound motor speed curve, 
the dropping of which may be accounted for by the 
effect of the increasing strength of the series field upon 
the constant field created by the shunt winding. In a 
differential compound-wound motor, the series winding 
opposes the shunt winding and, as a consequence, the 
speed, if not remaining constant, increases with load. 

Speed curves of various types of alternating-current 
motors are shown in Fig. 3. Throughout its rated 
capacity, the induction motor may be regarded as a con- 
stant speed machine, its change in speed from no load to 
rated load varying from 4 to 8 per cent, depending upon 


the capacity, the larger sizes usually having the better 
degree of regulation. 


EFFICIENCY 


Erricrency of machine is expressed as the ratio be- 
tween the output and the input, the latter in the case of 
a motor being measured in the same manner as the out- 
put of a generator. Method of motor output measure- 
ment depends upon type of drive employed. If belted, 
the number of horsepower transmitted may be approxi- 
mated by dividing the product of the velocity of the belt, 
in feet per minute, and the width of the belt, in inches, 
by 550, while if direct drive is utilized, other means 
must be resorted to. 
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DIAGRAM .OF CONNECTIONS FOR INSULATION 
RESISTANCE TESTS 


Measure electrical energy requirements under vari- 
ous load conditions. Fit the motor shaft with a pulley 
having a diameter the same as the pitch diameter of the 
pinion or gear removed, and determine the number of 
horsepower developed by application of a Prony brake 
arranged in the manner indicated in Fig. 4. Adjust the 
load as desired and note speed of revolving member, in 
revolutions per minute, and reading of scale when in a 
state of balance. Dividing the product of horizontal 
distance L from center of shaft to point of application 
on scale platform, scale reading in pounds, number of 
revolutions per minute of rotating member and 6.2832, 
by 33,000 will give number of horsepower developed. 

Efficiencies of various types and sizes of direct and 
alternating-current motors are given in the tables, Figs. 
5 and 6, respectively. 

Curves and data furnished by motor manufacturers 
enable one to determine the efficiency of a motor at a 
given load. With machine running under normal volt- 
age, measure current flow by means of an ammeter con- 
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nected in the supply circuit and calculate per cent load Which it operates and divide the difference in watts by 


being carried by multiplying by 100 the quotient ob- 
tained by dividing the ammeter reading by full load 
rated ampere capacity of the motor as given on the name 
plate. Reference to manufacturer’s curve will give cor- 
responding efficiency. 

Tests of this nature are preferably made under maxi- 
mum load conditions, and if found that the motor is 
not operating, for the greater part of the time under 
highest degree of efficiency obtainable, a machine of dif- 
ferent size should be substituted in the case of indi- 
vidual drive or rearrangement of driven machines made 
where group drive is employed. Make only such changes 
as will insure working the motor under a load which 
corresponds as nearly as possible to maximum efficiency. 


CAPACITY 


WHERE motors are made to carry momentary heavy 
overloads, but otherwise are running considerably under- 


200 
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FIG. 2. TYPICAL DIRECT-CURRENT MOTOR SPEED 
CHARACTERISTICS 


load and at exceedingly low efficiency, and in the case 
of alternating-current induction motors at low power 
factor, smaller machines equipped with sufficiently heavy 
flywheels may often be used instead to advantage. Under 
such conditions, employ a motor of such size as will 
most readily carry the average load. The size needed 
may be obtained from the records of a recording am- 
meter connected in series with the machine, although 
where such an instrument is not available, the same re- 
sult may be secured, at least approximately, by the 
average of a series of indicating ammeter readings taken 
every minute over a given period of time. 

Where new machines or groups are being installed, 
marked savings may be realized by determining the 
actual requirements before purchasing the driving 
motor. Temporarily install a motor of size sufficient to 
operate the machine or group under test, determine the 
actual power requirements from instruments connected 
in the supply circuit in the manner indicated above. 
From the results obtained (in watts) subtract the losses 
occurring within the motor at the average load under 


746 to obtain the number of horsepower necessary to 
drive the machine or the group as the case may be. 
The motor used for this purpose may be temporarily 
installed at the point it is desired to place the regula: 
machine or, as in the case of large installations where 
frequent changes are made in load and arrangement «: 
driven machines and a motor is kept in stock only fer 
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FIG. 3. TYPICAL ALTERNATING-CURRENT MOTOR SPEED 
CHARACTERISTICS 


such test purposes, the mounting shown in Fig. 7 may 
be utilized to good advantage, equipping the apparatus 
with a counter shaft and a set of cone pulleys so as to 
have available a comparatively large range of speeds. 
A scheme of electrical connections, particularly con- 
venient for checking up motors already in place, is il- 
lustrated at A and B, Fig. 8. In the case of a direct- 
current or a single-phase alternating motor, a ‘‘blown’”’ 
fuse fitted with dummy connectors tied in with the am- 
meter or the current coil of the wattmeter is used in- 
stead of the regular fuse, thus eliminating the necessity 


























FIG. 4. ARRANGEMENT OF EQUIPMENT FOR A BRAKE TEST 


of interfering with any permanent connections. With 2 
three-phase machine, two of these dummy fuses will 
have to be used, and in either case, in order to protect 
the machine under test fully, the circuit leading to the 
measuring instrument should be fitted with a portable 
fuse of capacity equal to that removed from the fuse 
block. 

A single-pole knife switch mounted on the dummy 
fuse in the manner shown in Fig. 9 will allow cutting 
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out the ammeter or the current coil of the wattmeter 
without interfering with the operation of the mofor. 


StTarTING REQUIREMENTS 


POWER REQUIRED to start a machine or group of ma- 
chines may, in the case of belt drive, be determined by 
measurement of the torque in the manner indicated in 
Fig. 10. With a spring scale attached to the belt by 
means of a wooden clamp and held parallel to the belt, 


Fig. 5. EFFICIENCIES OF VARIOUS TYPES AND SIZES OF 
DIRECT-CURRENT MOTORS 














E Cc 

_| Horsepower Seronteney ye ees yyy ese 7 
Capacity | 1/2] 3/4 | Poll apacity | 1/2] 3/4] Full 
_Load | Load | Load ~ Load | Load j Losd 

7.5 77 & 82.5 135 89 90.5} 91 

16 82 85 86 165 90.5 | 91 91 
20 82.5 | 66 86.6 200 90.5 | 91.3] 91.5 

25 84 86.5 | 87.5 265 91 91.5 | 92 

35 85 88 89 400 91.35 | 91.8] 92 
45 87 89 89.5 500 91.8 | 92.3 | 92.5 
65 88 89.5 | 90.5 650 91.8 | 92.2 | 92.5 
80 88.5 |90.5 | 91 1000 92 92.3] 92.5 
100 88.5 |90.5 | 91 1250 92.5 | 93 93.5 

120 88.5 | 90.5 | 91 
































the motor is started sufficiently to turn the driven pulley 
a small part of a revolution, and the scale reading noted. 
This is the force in pounds required to start the load at 
a radius of L ft.; the torque in pounds-feet is equal to 
the product of this force in pounds and L in feet, while 
the value of the number of horsepower required is equal 
to the quotient obtained by dividing the product of the 
torque in pounds-feet and the speed of the driven pulley 
in number of revolutions per minute by 5252. 

Where a direct-connecting coupling is employed, the 
scheme indicated at B, Fig. 10, may be utilized, while if 


FIG. 6. EFFICIENCIES OF VARIOUS TYPES AND SIZES OF 
ALTERNATING-CURRENT MOTORS 





Polyphase ‘ 





Single Phase 
Horse- | Number 
power of 1/2] 3/4|Pu11] 5/4] 1/2] 3/4| Full] 5/4 
Rating | Poles | Load | Load | Load | Load | Load | Load | Load | Load 


1 4 60 63 68 62 74 78 79 79 























2 4 71 75 78 77 77 81 82 82 
5 4 71 76 77 76 82 84 85 84 
10 6 75 79 80 79 64 85 85 83 
20 6 85 88 86 85 85 87 87 86 
30 8 77 81 83 82 87 89 88 87 
50 8 82 64 | 86 86 87 89 90 90 
75 10 -- -- -- -- 88 90 90 89 
100 10 -“- JT o -- -- 88 90 90 90 
150 10 -- -- -- -- 88 90 91 90 




















the motor shaft is fitted with a gear, the scale may be at- 
tached directly to one of the arms of the gear as at C, 
Fig. 10. . 

Sur Tests 


INDUCTION MOTORS may be tested for slip by attach- 
‘ng to the shaft of the machine a black disk with p white 
radial lines or sectors painted upon it, where p is the 
number of poles of the motor. If, with the motor run- 
ning, the disk is illuminated by means of an alternating- 
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current are lamp connected to the same lines as the 
motor, synchronism is indicated by the stationary ap- 
pearance of the white lines on the disk. If, however, the 
motor is below synchronism, the disk will appear to 
rotate at a speed equal to the difference between the 





FIG. 7. CONSTRUCTION OF TEST MOTOR RACK FITTED WITH 
CONE PULLEY 


synchronous and the actual speed. Dividing the number 
of revolutions at which the disk seems to rotate by the 
synchronous speed of the machine, and multiplying the 
quotient obtained by 100 will give, as a result, the per 
cent slip. 
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Fig. 8. DIAGRAMS OF CONNECTIONS FOR CHECKING UP 
MOTOR LOADS 


In a reasonably good motor the per cent slip should 
not be in excess of 12. 
PREDETERMINING PERFORMANCE OF INDUCTION Morors 
Wir THE Alp of the total no load watts, W,; the no- 
load amperes, i (per phase); the total (short circuit) 
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watts, W,, with rotor blocked, and the total short circuit 
current i, (per phase) all at rated machine voltage E, a 
circle diagram may be constructed by means of which 
the performance of a polyphase induction motor may be 
predetermined. 

As indicated in Fig. 11, lay out on suitable co-ordi- 
nate paper axis OE and OX, the former representing the 
value of the impressed electromotive force. To a con- 
venient scale take OP equal to 100 per cent power factor 
and subdivide as shown. With OP as a radius describe 
quadrant PRQ, the point of intersection of which with 
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METHODS OF CONNECTING DUMMY FUSES AS 
EMPLOYED IN FIG. 8 


Fic. 9. 


the primary current vector when extended horizontally 
to the vertical scale OP gives the power factor reading 
corresponding to the location of the primary current 
vector. 

With rotor blocked, apparent horsepower input is 
equal to the quotient obtained by dividing \//3 i, E by 
746. Plot this value as vector OI,, the angle with OE 
being dependent upon the power factor determined by 
dividing 100 W, by V3 i, E. 


SPRING BALANCE 


WOOD OP 
/PON BAR 


COUPLING 


FIG. 10. METHODS EMPLOYED TO MEASURE MOTOR TORQUE 


OI, represents apparent horsepower input at no load 
and is equal to \/3 i, E divided by 746, the power factor 
being obtained by dividing 100 w, by V3 i, E. 

Draw I, M the power component; O M is the wattless 
component. 

Through I, and parallel to OX draw I,K, using this 
as a base for the semi-circle drawn through points I, and 
I, and representing the path of the current as the load 
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on the motor increases. Vector OI drawn for a given 
load will represent the apparent horsepower input, while 
D measures to the same scale the true horsepower input. 

OI may also represent the value of the primary cur- 
rent, and is reducible to this by dividing 746 OI by 
E vy 3. 

Joining I, and I, will give the output as represented 
by IA, thus rendering it possible to determine the effi- 


PER CENT EFFICIENCY 
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FIG. 11. TYPICAL CIRCLE DIAGRAM FOR PREDETERMINATION 
OF INDUCTION MOTOR PERFORMANCE 


ciency by dividing IA by ID, although this may be 
obtained more directly by construction of the efficiency 
scale. Produce I, I; to L and erect at that point per- 
pendicular LN,, N,, at such a distance from OX as will 
allow the ready division of NN,, into 100 equal parts. 
To determine per cent efficiency corresponding to 


FIG. 12. TABLE OF TEMPERATURE COEFFICIENTS FOR USE IN 
CALCULATING MACHINE TEMPERATURE RISE 





t a t a 
Initial Initial 
temperature, temperature, 
Centigrade Centigrade 


Temperature 


Temperature 
ort coefficient 


coefficient 


0.00420 
0.00418 
0.00417 
0.00415 
0.00413 


0.00411 
0.00410 
0.00408 
0.00406 
0.00405 


0.00403 
0.00402 
0.00400 
0.00398 
0.00397 


0.00395 
0.00394 
0.00392 
0.00391 
0.00389 


0.00388 
0.00386 
0.00385 
0.00383 
0.00382 


0.00381 





0.00379 
0.00377 
0.00376 
0.00374 
0.00373 


0.00372 
0.00370 
0.00369 
0.00368 
0.00366 


0.00365 
0.00364 
0.00362 
0.00361 
0.00360 


0.00358 
0.00357 
0.00356 
0.00355 
0.00353 


0.00352 
0.00351 
0.00350 
0.00348 
0.00347 
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input ID, draw LI extended to the efficiency scale, the 
point of intersection giving the per cent efficiency. 

The power factor for any given value of primary 
current as OI may be obtained by projecting horizontal- 
ly to the power factor scale the point of intersection of 
OI with quadrant PRQ. 
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TEMPERATURE DETERMINATIONS 


MACHINE TEMPERATURES may be obtained by means 
of thermometers applied to the hottest accessible part, by 
increase of winding resistance and by the imbedded tem- 
With thermometers the 
actual temperature is estimated by adding to the highest 
observed reading a correction factor of 15 deg. C., except 
where the instrument is applied directly to the surface 
of a bare winding in which case but 5 deg. C. is added. 

In employing the measurement of resistance method, 
temperature rise in degrees Centigrade is obtained by 
dividing the difference between the resistance of the 
windings before test and their resistance at time of shut- 
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down, by the product of the resistance at time of shut- 
down and the temperature coefficient, the value of which 
may be obtained by reference to the table shown in Fig. 
12. For ordinary purposes, an initial temperature of 25 
deg. C. (77 deg. F.) may be assumed, in which event a 
temperature coefficient of 0.003,88 is used. 


In the ease of two-layer windings having thermo- 
couples between coils and between coil and slot, add 5 
deg. C. to the highest reading. In single-layer windings 
with detectors between coil and core, and between coil 
and wedge, add to the highest reading 10 deg. C., plus 
1 deg. C. for each 1000 v. above 5000 v. terminal 
pressure. 


Leather Belting 


CHOOSING AND CARING FOR BELTS, Proper INSPECTION, PROPER 
TENSION, ARRANGEMENT OF Drives. By CLAupE O. STREETER 


O ONE aarticle used in the mechanical world fig- 
ures so conspicuously in the operation of machin- 
ery as leather belting, and likewise there is no one 

article which is so little understood. 

Unfortunately with most people who buy it, a belt is 
a belt, the price, not the quality, of the belt being to 
a great extent, the deciding factor. A belt of the same 
ply and thickness is used for all purposes; then when the 
belt fails, no matter under what conditions it may have 
been used, it is condemned. 

As a matter of fact, vastly more leather belts fail 
from improper mechanical conditions and lack of care, 
than from being made of poor material. 

This subject of Leather Belting is very broad, and 
this article aims to endeavor to offer a few helpful sug- 
gestions only on the principal points of this subject. 


SELECTION OF LEATHER BELTING 


IN SELECTING leather belting, it is most important to 
consider quality. Failure to do so will result in poor 
service, short belt life, and unnecessary expense caused 
by the necessity of purchasing two or more belts, when 
one properly chosen would have outlasted them. 

This does not mean that it is necessary to purchase 
the most expensive belt in all cases, but to purchase belts 
with a regard for mechanical conditions of the drive on 
which they are to operate. 

The points to be observed about a drive before select- 
ing the belt for it are diameters, faces and speeds of 
both pulleys; distance between pulley centers; type of 
drive; physical conditions surrounding the drive; the 
horsepower requirements of the drive. 

In connection with these observations, it is well to 
remember the following facts: 

Pulley diameters control belt thickness or weight to 
be used. ; 

Belt speed controls belt power transmission. 

Power requirement controls belt width. 

The physical conditions will inform one as to whether 
or not a waterproof or special tannage belt is required. 

Another point to remember in selecting a leather 
belt, is that all leather belts are constructed on a basis 
of light, medium and heavy belts. 


Light belts are approximately 1% in. thick in single 
and 14 in. thick in doubles. Medium belts are approxi- 
mately 5/32 in. thick in single and 5/16 in. thick in 
doubles. Heavy belts are approximately 3/16 in. thick 
in single and %& in. thick in doubles. 

Now fix in the mind the comparative thickness of 
each weight and we are able to imagine the various 
thicknesses of belt bending around a pulley of given 
diameter, and to judge intelligently as to the advisabil- 
ity of installing a heavy double, 3@ in. thick, or a light 
double belt, 14 in. thick, on a pulley of 7 in. diameter, 
for instance. Your selection will certainly be the light 
double belt. In order to get the effect of bending belts, 
of the above thickness, clearly fixed in mind, it might 
be advisable to procure sample pieces with which to ex- 
periment. 

With a careful observance of the various facts men- 
tioned above, together with a working knowledge of 
leather belting formulas, one is in a position to select 
the proper belt for any drive. From these statements it 
will be observed that the basis for belting selection is 
really thought, close observation, and a sense of pro- 
portion. 

In selecting a leather belt of proper weight, or thick- 
ness, for a pulley of given diameter, the following might 
be considered as a guide. 


Single Belts Double Belts 
RG iiss asin ocak 4in. diam. pulley 7 in. diam. pulley 
Medium ........ a. * ” 12in. ‘‘ = 
eee rer 1m .“ = 15in. “‘ at 


It must be kept in mind that the above is merely a 
guide for the proper diameter pulleys to be used for 
best results with an oak tanned belt of given thickness 
(a special tannage will operate on smaller pulleys) and 
not as the smallest diameter which can be used with these 
belts; for, while it is not good practice, it is neverthe- 
less a fact that many times on slow drives a belt is merely 
threwn over a 1 15/16-in. shaft and no pulley whatever 
used. 

If a change is to be made in the above diameters, it 
is always advisable to increase rather than decrease 


them. 
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Power TRANSMITTING Capacity oF LEATHER BELTING 


IT sEEMS to be the general custom when writing on this 
particular phase of leather belting, to deluge the reader 
with formulas and charts so that he does not know 
nearly as much about this point after reading as he did 
before. 

While it is necessary to have a working knowledge of 
belting formulas, it is not the purpose of this article to 
give a complete discourse on belting and its formulas, 
but a few practical hints as an aid to understanding 
them. Therefore, there will be no formulas in this 
article. 

There are in reality only a few simple formulas con- 
nected with the use of leather belting, and these can 
be secured in belting manuals. 

Under Selection of Leather Belting, the bearing of 
speed and width on the transmitting capacity was de- 
fined. Therefore in order to estimate the power trans- 
mitting capacity of a leather belt from its width and 
speed, it is only necessary to remember three values as 
follows: 

A single belt traveling 600 ft. per min.; or a double 
belt at 375 ft. per min.; or a triple belt at 300 ft. per 
min. will transmit 1 hp. for every inch of width. 

These figures are based on the assumption that both 
pulleys are of approximately the same diameters. From 
the above it will be observed that by knowing the speed 
and width of a belt, its power capacity can easily be 
estimated. 


Care or LEATHER BELTING 


HAVING SELECTED and installed the proper belting 
throughout a plant, it is wrong to assume that the belt- 
ing should be given no further attention, and thought. 
Belis as well as machines require attention. No one 
would think of starting a plant without a competent 
man to take charge of, and repair the machines. Why, 
then, expect the belting on which these machines are 
directly dependent to operate with little or no attention 
except that of an unskilled man? 

A few suggestions on this point may be helpful: 

Check up your shafting and machines periodically to 
see if everything is properly in line. As much belting 
is ruined by improperly lined shafting and pulleys as 
in any other way. 

Belts on drives in this condition are often kept on 
the pulleys with guides placed beside the drive, or rub 
against shipper fingers, hangers, pulley flanges or part 
of machines, until a lap opens and the belt is torn or 
until it stretches on one edge. Belts once stretched in 
this way will not run straight, and are apt to run off 
the pulley, ruining themselves, and anything else which 
may be in their way. 

Remember that because shafting was in line once, 
it does not necessarily remain so indefinitely and regular 
attention to this point will result in an economy not 
only in belting but in power. 


INSPECTION OF BELTING 


Pace the belting in charge of one man and hold him 
responsible for it. Allow no belting installations, re- 
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pairs, alterations or dressing except by him or under 
his direction. 

It is of course desirable to put an experienced belt 
man on the job, but where this is not practicable a man 
should be selected and given a short course of instruc- 
tion in a belt factory, so that he may learn how to make 
laps, take up belts, repair and dress belts, to work up 
old belts, ete. The principal object is to get a man on 
the job who is big and intelligent enough to run it eco- 
nomically ; to put in the proverbial stitch in time and 
not wait until there is a breakdown causing a shutdown 
and delay and possibly serious accident. Remember that 
‘* Anybody’s Job is Nobody’s Job’”’ and pin this proposi- 
tion down. 

It should be the duty of the belt man to inspect all 
belts periodically and ascertain which of the following 
conditions exist: 

Belt all right in every respect. 

Belt too dry. 

Belt too oily. 

Belt too heavily dressed. 

Belt laps started to unglue. 

Belt plies started to unglue. 

Belt too slack or too tight. 

Belt running true on pulleys. 

Belt lacing, good or bad. 

General condition of belt and drive. 

The above is merely a suggestion as to the points 
for observation. If there is anything wrong about the 
belt it should be repaired at once and the belt put into 
first class condition or replaced, whichever is necessary. 

The work done should be carefully reported and en- 
tered on the Belt Record Card for the particular drive. 
This card should contain complete data on belt and drive 
with spaces for entering work done on either so that the 
history and condition of both or either of them is avail- 
able at a glance. 

The above suggestions need not be expensive to fol- 
low, and are just as vital to the small shop as to the 
large. 


TREATMENT OF LEATHER BELTING 


WueEre a belt appears harsh and dry it is an indica- 
tion that the natural oil has been exhausted from it and 
needs replenishing. The belt should first be carefully 
cleaned of surface dirt. This can usually be accom- 
plished by rubbing with a piece of burlap or other coarse 
cloth. Naphtha or kerosene may be used to wash the 
belt if necessary. In extreme cases it may be necessary 
to use some sort of scraper; a sharp edged wooden block 
answers nicely. It is absolutely necessary to have a sur- 
face which can be recognized as leather on both sides of 
the belt, as it is useless to put dressing on a belt already 
covered with dressing, dirt or oil. 

The best method of dressing a belt is to put a little 
on the pulley side and more on the outside of the belt, 
always remembering that too much dressing is worse 
than too little. Apply only what the belt readily ab- 
sorbs. The pulley side of the belt should not be greasy 
when the application is completed. The best time to 
apply dressing is when the belt is idle and can stand 
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for some time so that the dressing can penetrate into the 
leather. 

Avoid surface dressings of all kinds as they only col- 
lect dirt and cause the belt to slip. To remedy this slip 
more dressing is applied and so on until the belts acts 
only as a carrier for a sticky gum. The only excuse 
for the use of surface dressing is es first aid treatment 
in an emergency but it should be removed from the belt 
at the first opportunity. 

Most users of belt dressing do more harm than good 
to their belting because they use too much dressing. 
Neatsfoot oil and eastor oil make ‘very good dressings; 
but the user invariably pours it on a belt from a can 
with little regard as to how much or how often he applies 
it, and in a short time his belt is so saturated with oil 
that it is like a rag and is materially weakened. 

While the two oils mentioned make good dressings, 
thev are apt not to be used successfullv by the average 
mechanic and it is therefore undoubtedly best to use a 
commercial combination of greases as it is less subject 
to misuse and it is undoubtedly more economical. 

The idea of dressing a belt is to make it soft and 
pliable and not oily or sticky. 


TENSION 


THERE has been much discussion in the past few years 
in regard to the proper tension at which a belt should 
be installed and maintained. Special tools and instru- 
ments have been devised to make sure that the belts were 
installed at a predetermined tension, and much propa- 
ganda has. been floated ridiculing the ‘‘old’’ practice of 
putting belts on by judgment, as far as tension is con- 
cerned. 

Nevertheless, none of the schemes offered can be op- 
' erated successfully without the use of considerable judg- 
ment, the tension being diminished in accordance with 
that judgment or experience. i 

For instance, a belt can be installed with a greater 
tension on a self-alining bearing than on a rigid pillow 
block bearing, and again a belt can be installed with 
greater tension on a 2 3/16-in. shaft than on a 15/16-in. 
shaft; yet belts of a given width are to be installed at 
a given tension without regard to mechanical conditions 
of the drive or the nature of its load, according to the 
tension idea of the theorists. 

The best tension at which to install a belt is that 
at which the belt will carry its load easily without strain- 
ing and with a minimum of journal friction. Operate 
all leather belts just as slack as possible without slip- 
ping. When it is necessary to operate a belt tight on a 
drive in order to make it pull, that is a sure indica- 
tion that there is something wrong with that drive and 
it should be carefully investigated and the difficulty 
remedied. 

With an intermittent load it is often necessary to 
install and maintain belts at a high tension. 

When the belts are put on and taken up under the 
direction of one man, as advocated previously, the errors 
of too tight or too slack belts are avoided and a uni- 
formity of belt tensions exists throughout the plant 
which ean be obtained in no other way. 

Care of belting may be summarized as follows: 
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Place the belting in charge of one man. 

See that he knows his business and attends to it. 
Have all belting inspected periodically. 

Remedy all troubles in their beginning. 

Keep all driving surfaces clean. 

Put dressing into too dry belting. 

Take grease out of too oily belting. 

Run belts as slack as they will work efficiently. 
Keep all shafting in line. 


Tyres OF BELT DRIVES 


THERE are many different types of belt drives, but 
all of them are simply modifications of the three stan- 
dard types known as open, crossed or quarter turn. 

The ideal belt drive is an open horizontal, with the 
tight or pulling side on the bottom, but this ideal condi- 
tion is not always possible, because of mill construction, 
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shaft rotation, etc., and we are obliged to resort to other 
types of drives to meet these conditions. 

Crossed drives are practical and satisfactory except 
when the difference in pulley diameters is too great, the 
centers short, or the power requirements call for a wide 
belt. Crossing a belt greater than 15 in. in width is poor 
practice, as it puts too great a strain on the belt edges. 

When the above unsatisfactory conditions exist and 
it is necessary to reverse the rotation of the receiving 
pulley, we have recourse to the reverse drives shown in 
the accompanying sketches. Either or both of the idlers 
on all three of these figures can be made adjustable and 
used as binders to take up belt stretch. 

Quarter turn drives are of four designs, two pulley, 
three pulley, four pulley and five pulley quarter turn. 

The whole secret of success of this type of drive is 
in the proper alinement of the pulleys and most of the 
trouble experienced with this type of drive is caused by 
lack of proper consideration for this one item. 

The most troublesome design of this type is the two- 
pulley quarter turn and much of this trouble is caused 
because of a lack of understanding of the drive and its 











limitations. The pulleys on this design must be so placed 
that the point where the belt leaves the receiving pulley 
and the point where the belt leaves the driving pulley 
are in the same line. This drive can be operated in one 
direction only ; that is, the drive cannot be run backward 
or reversed. 

A leather belt of standard construction up to and 
including 5 in. in width will operate successfully on a 
two-pulley quarter turn drive, but when this width is 
passed, the belt must be specially constructed to meet 
the conditions of the drive under consideration. 

Three-pulley quarter turn drives are merely a modi- 
fication of the two-pulley type wherein an idler is 
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brought into use to guide the belt or increase the contact 
are on the pulleys. This drive properly laid out can be 
reversed and does not necessarily require belts of special 
construction. 

Four or five-pulley quarter turn drives are the most 
satisfactory of any of the quarter turn designs, and 
when properly designed need no further attention than 
regular oiling of bearings and occasionally a taking up 
on the binder to allow for belt stretching. When pos- 
sible this type should be used in preference to any other 
type of quarter turn. Of the last two mentioned designs 
the five pulley drive is preferable, especially on a vertical 
drive. 


Compressing Air Efficiently 


INSPECTION, CLEANING, EFFICIENCY TESTING AND REGULATION TO 


SEecuRE THE Besr RESULTS. 


CONOMICAL AND efficient operation of air com- 
E, pressors demands regular inspection. The com- 
pressor as a whole should be inspected at least once 
a month, making necessary adjustments, such as taking 
up of packing glands and replacement of worn parts. 
Examine air valves, which should present an oily 
surface free from carbon. Also examine ports and pas- 
sages for carbon or other obstructions. Carbon deposit 
on valves prevents their seating properly, causes leakage 
and results in reduced compressor capacity and low effi- 
ciency. Obstructions in air passages reduce their area 
and cause loss in friction. Carbon deposit in combina- 
tion with high temperature due to improper cylinder 
cooling, sticking of valves or insufficient lubrication may 
result in explosions, if allowed to persist. Remove any 
earbon deposit. 


PACKING 


Use of packings is often misunderstood. Drawing up 
too tightly will cause heating, and scoring of the piston 
rod. This means higher temperatures and increased me- 
chanical friction, with transmitting of increased temper- 
ature to the air in the cylinder, which will cause trouble 
with moisture, lower the air density and thereby reduce 
the output. 

In placing the packing in the stuffing box, put the 
rings in so that the joints of the several rings stagger. 
Fill the box without crowding and with new packing 
force in slightly with the gland until the compressor 
warms up; then draw up just enough to prevent blowing. 
Crowding the packing will squeeze out the lubricant 
it contains, causing the packing to become hard and 
unyielding. 

If upon examination packing is found hard, it may 
be revived by removing, loosening up, and working in 
a mixture of graphite and grease. 

An asbestos sheet packing is generally used between 
eylinder heads and cylinders. If for any reason it be- 
comes necessary to remove a head, care should be exer- 
cised not to injure this head gasket. If necessary to 
replace it, be sure to use material of the same thickness 
as the original, so as to maintain the clearance estab- 
lished by the builder. 





By CwHaAruteEsS A. HIRSCHBERG 
INLET AIR 


Do nor have the air intake open to the engine room. 
Carry it outdoors and extend upward a sufficient height, 
with hood and screen, to prevent foreign substances from 
being drawn in and to insure cool intake air. 

Figure 1 shows an ideal method of handling the air 
intake. 

Take the air into the compressor as cool as possible 
is the rule without any exception. Cooling the intake 
air is a direct saving of power by reducing the volume 
to be compressed. Also the capacity of the air to hold 
moisture rapidly falls off as its temperature is reduced. 


TRANSMISSION PIPING 


Pre lines should be of ample size, as small transmis- 
sion lines mean excessive loss of pressure due to friction. 
Large pipe lines are especially desirable where the pipes 
are long or the supply has to meet the demands of a great 
many devices. Reduced pressure due to friction means 
inefficient operation of tools. 

The accompanying chart, Fig. 2, covering ‘‘Loss in 
pressure due to friction in pipe lines’’ will serve to 
indicate the need for having the pipe line amply large. 
Take, for example, the following case: 

The loss in pressure, in transmitting 50 cu. ft. of 
free air per minute at 100 lb. pressure through 1000 
ft. of 1-in. pipe is 11.89 lb., and only 0.27 lb. in trans- 
mitting the same volume of air the same distance through 
a 2-in. pipe. 

Air lines should receive monthly inspection for leaks, 
which cost money and waste valuable compressor capac- 
ity. Assuming that 1 cu. ft. of air per min. at 100 Ib. 
pressure costs $5 a year, this cost being computed from 
an estimated cost for electricity at 1e per kw.-hr., interest 
and depreciation at 10 per cent and a year as 300 8-hr. 
days, the following tabulation demonstrates the economy 
of regular pipe line inspections: 

Amount of 
Leak in cu. ft. 


free air per min. Cost per year 


Diam. of hole, in. 


1/16 6.45 $32 
1/32 1.61 8 
1/64 40 2 








Ja 


ma 
to | 


in 








str 
sho 
rad 
val 
be i 


By 
tion 


follor 
at re, 
air s} 
are r 

P 
to fri 
alr ge 
readi: 
remec 
elimir 


REcE 
PREs 


Pou 


70 
80 
90 
100 
125 

















POWER PLANT 
1919 January 1, 1919 ENGINEERING 89 
rtact Further calculations of possible loss through leaks Removine Moisture 
A ay uickl 7] J a : : ee 
n be may be > care made by applying the mare eases ALL AIR contains moisture. When compressed the 
ecial to the various discharge volumes shown in Fig. 3. , " pty : 
: ; : moisture becomes more evident, as in the compressed 
It is always advisable to provide numerous outlets . 7 : : ‘ 
‘ set : ager : state there is more water in the air than it can contain. 
most in the transmission line. This will save future recon- Th > mene ted al ‘ diatel 
truction and make it possible to use comparatively EE AES AN OS Lee 
and 2 : * the air travels to the receiver; part of it travels with the 


than shorter lengths of hose. Where a number of supply lines 


: S ar rail ; air through the transmission lines, being gradually de- 
radiate from the main line, it is well to provide a gate id : 8 & RPA. 






























































» ‘ Fp ; : , 

As valve for cutting out any of these lines when they are to ee ee se are Pe 

yther be idle for any considerable period of time. sige : : 

. “ : : , way into the ports and exhaust passages of the ma- 

pene Severs! Methods are weed of detecting ait leaks: chinery using the air, resulting in interference with 

tical By the use of a lighted candle at all joints and connec- : J we by f OG a sl t ree 
tions; by swabbing soapy water around the joints, or by ee en as ee OF SERS Se ae ee ae 
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One of the most effective and cheapest methods for 
the elimination of moisture from pipe lines is the placing 
of suitable traps at intervals in the transmission line 
into which the condensed moisture will precipitate and 
can be conveniently withdrawn. 

A simple moisture trap, in Fig. 4, consists of an 
oom. enlargement of the air line. It is provided with baffles 
ight, and blowoff, the baffles having holes or slots drilled in 
from the bottom so that moisture can work through to the 
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standard built moisture traps which may be purchased 
from various manufacturers. 

Moisture traps should be placed at low points in the 
air line. 


REHEATING COMPRESSED AIR 


REHEATING the air is a simple process and serves the 
double purpose of eliminating annoyance due to freezing 
as a result of the moisture which the air may contain, 
and at the same time increasing the air volume. 

When the warm compressed air leaves the compressor 
and passes through the receiver and the transmission 
lines to the point of use, the temperature of the air is 
considerably reduced. This represents a loss in volume. 
If the air were used immediately adjacent to the point of 
production, this loss would not be experienced, but the 
latter condition seldom, if ever, prevails. 

Reheating the compressed air, at the point where it 
is to be utilized, a temperature of 250 deg. F., which is 
quite usual, results in‘expanding it in volume from 30 
to 35 per cent, at a cost of about 14 of the heat units 
required to produce the same volume by compression. 
This approximation is based on the use of effective form 
of reheater, and the use of the air in the cylinder of the 
engine immediately after passing from the reheater. 
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FIG. 4. BAFFLE FORM OF MOISTURE TRAP 
FIG. 5. RECEIVER TRAP FOR MOISTURE 


In using the reheater, therefore, it should be placed 
as closely as possible to the point of use of the air, to 
prevent loss from radiation of heat after the reheating 
process. . 

The reheater may‘consist of a cast-iron chamber con- 
taining a coil of pipe exposed to a fire, or a current of 
hot gas or steam. Figure 6 shows a cross-section view 
of one standard type of air reheater, which requires no 
explanation. 


Power UTILizeD IN COMPRESSING 


Two tables shown in Fig. 7 show the _horse- 
power required for compressing air in single stage and 
two stage compressors at various gage pressures. All the 
conditions of the calculations given are explained in the 
headings. 


MECHANICAL EFFICIENCY . 


MECHANICAL efficiency of an air compressor is repre- 
sented by the ratio of the indicated air horsepower to 
the indicated steam horsepower in the case of a steam- 
driven machine, and to the brake horsepower in the case 
of a power-driven machine. 

The difference between the two represents excess 
power required to overcome frictional resistance of the 
machine, which is largely dependent upon the design, the 
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workmanship and the supervision received when in 
operation. 

Mechanical efficiency of the well designed air com- 
pressor ranges between 90 and 95 per cent. 

Let us assume a power-driven air compressor of the 
following size and displacement and determine its me- 
chanical efficiency : 

Diameter low-pressure cylinder, 16 in.; diameter 
high-pressure cylinder, 10 in.; stroke, 14 in.; r.p.m., 165 
in.; discharge pressure, gage, 100: lb.; piston displace- 
ment, cu. ft. per min., 534 Ib. 

From brake test it was found that the brake horse- 
power is 93. 7 

The air indicator cards give an indicated horsepower 
of 83.6. 
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FIG. 6. A STANDARD FORM OF AIR REHEATER 





Therefore 83.6-- 93 —90 per cent mechanical effi- 
ciency. 

As stated above, loss in mechanical efficiency is deter- 
mined by frictional resistance. This is a factor which 
can be largely controlled by the supervising engineer. 
In general it is desirable that attention be given to the 
lubrication system to insure that all rubbing parts are 
sufficiently lubricated at the following points: Bearings, 
crossheads, stuffing boxes and cylinders, as they consti- 
tute the chief source of loss due to friction. 


Bearings should be drawn up only enough to insure 
smooth operation, without undue pressure. Instructions 
covering the packing of stuffing boxes have already been 
given. Crosshead guides must be free enough to permit 
the crosshead to operate without undue pressure, and 
yet work without knocking. 
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DIFFERENT measurements necessary for calculation 
of efficiencies are given on the diagrams shown in Figs. 


8 and 9. 


For electrically-driven air compressor, 
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rection to perfect intercooling if specified amount of 
water at specified temperature is not available. 


CoMPOUND vs. SIMPLE AiR COMPRESSORS 


THE THEORY of compound or stage compression is 
very readily understood. It is generally conceded that 
compound or stage compression should be employed, (a) 
with small capacity machines when pressures range over 
125 lb., (b) with larger capacity machines when pres- 
sures range above 70 lb. The heat of compression in- 
ereases with the pressure, therefore, the higher the pres- 


sure, the more difficult it is to reduce the temperature of . 


the air to a point where efficient compression conditions 
and proper air cylinder lubrication obtain. For in- 
stance, in compressing air to 100 lb. terminal gage pres- 
sure in a single cylinder, the final temperature would be 
about 485 deg. F. Some of this heat would be absorbed 
by the cylinder walls and water jackets, but the final 
temperature would remain too high to insure efficient 
compression conditions and proper lubrication. 

In Fig. 10 is shown a theoretical combined indicator 
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diagram from a two-stage compressor. It is assumed 
that the compression follows the adiabatic curve in both 
cylinders, with perfect intercooling between. 

In Fig. 10, AB = volume of low pressure cylinder ; 
CD = volume of high pressure cylinder; both are drawn 
to the same scale. ACF = pressure to some designated 
scale; BEK (adiabatic curve) = relation between pres- 
sure and volume for any piston position, with no inter- 
cooling and no radiation through the cylinder walls. 

In this curve the product PV'*! is constant (1.41 is 
the ratio between the specific heat of air at constant 
pressure and constant volume), where P = pressure and 
V=volume. BDH (isothermal curve) — relation be- 
tween pressure and volume provided the temperature of 
the air under compression could be kept constant so that 
the product PV would also be constant. 

Air taken into the low-pressure cylinder at zero gage 
pressure, is compressed along the adiabatic curve BE 
until at E it attains a pressure of 26.3 lb., equal to that 
of the intercooler, which allows the discharge valves to 
open and the air to pass into the cooler. In the inter- 
cooler, the volume of a definite weight of the air is re- 
duced from CE to CD, so that the volume entering the 
high-pressure cylinder is less to the extent of DE, which 
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is the same scale as CD and AB. This means that the 
given weight of air represented by the volume CE at a 
gage pressure of 26.3 lb., when cooled to the same tem- 
perature at which it was originally taken into the low- 
pressure air cylinder will be reduced in volume to CD 
provided the pressure of 26.3 lb. remains constant. 

Air taken into the high-pressure air cylinder at 
26.3 lb. is compressed along the adiabatic curve DG. At 
G the high-pressure discharge valves open and the air 
is discharged into the receiver at the desired gage pres- 
sure of 100 lb. 

The shaded portion represents the power saving 
effected by the intercooler. 

The saving due to the reduction in temperature be- 
tween stages is not the only advantage of stage com- 
pression. The maximum temperature in each cylinder is 
reduced to a point where the heat can be more thor- 
oughly drawn off by the water jackets surrounding the 
cylinder walls; also, the lower temperature in the cylin- 
der is an insurance of good lubrication of piston, valves, 
ete. 


‘ 
: 
: 
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THEORETICAL COMBINED INDICATOR DIAGRAM FOR 
2-STAGE COMPRESSOR 


FIG. 10. 


As already indicated, the theoretical function of the 
intercooler in stage compression is to reduce the tem- 
perature of the air after it leaves the low-pressure cylin- 
der to the same point at which it was first taken into 
that cylinder, before it enters the next stage cylinder. 

Under practical working conditions, however, it will 
be found that the majority of coolers fail to accomplish 
this result and a reduction to within 5 to 10 deg. of the 
original temperature is considered a good accomplish- 
ment. 

The intercooler consists of a shell containing a nest 
of tubes arranged in series or groups through which 
water flows successively, entering the bottom row and 
finding an outlet through the top row. Surrounding the 
water tubes is a series of baffle plates, which direct the 
flow of the air so as to split it up into thin films and 
insure intimate contact with the cold water tube sur- 
faces. By reducing the spacing of these baffles as the 
high-pressure cylinder is approached the most efficient 
velocity of air in transit is attained. 

When the air comes in contact with the cold tube 
surfaces, condensation of the moisture occurs, and it: 
drips and flows down into the bottom of the shell. In 











order to drain this condensed water the intercooler is 
usually placed at an incline, so that the water will flow 
into the pocket surrounding the water separator where 
a drain cock is provided for the occasional removal of 
the water. 

Temperature changes in the intercooler cause the 
tubes to expand and contract, and in order to provide 
for this it is customary for the best of tubes to be fixed 
at one end only, while the other end, including the water 
box, is left free to move with the tube plate. 


AiR COMPRESSOR REGULATION 


As For any other piece of machinery, the load factor 
of an air compressor is the average amount of work 
actually done, divided by the maximum capacity for 
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FIG. 11. AIR COMPRESSOR DIAGRAMS AT VARIOUS LOADINGS 
work. The result represents the commercial efficiency 
of the machine, or in other words, the overall cost of 
production. 

It is quite usual to install an air compressor to take 
eare of the maximum demand and depend upon some 
automatic means of regulation or unloading to vary the 
output of the machine to fluctuating needs. This varies 
the horsepower input with the load and effects a saving 
in cost of operation. 

It is further quite usual where the load will vary 
materially, especially in electrically-driven plants of 
large capacity, to install a number of small units and 
vary the number operating, keeping them at full load, to 
comply with changes of load, to assist in maintaining the 
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highest overall economy. In such eases, regulation de- 
pends upon automatic starting and stopping. 

The reduction in horsepower input with power-driven 
air compressors controlled by some form of partial un- 
loading device is not in direct ratio to the reduction in 
output. For instance, in Fig. 11 is shown a series of 
cards taken from a 28 by 17% by 21-in. electrically- 
driven two-stage air. compressor, operating at 185 r.p.m 
and equipped with a four-step clearance regulator. I 
will be noted that at three-quarter load capacity, the 
horsepower input is 77.5 per cent; at half load, the horse- 
power input is 55 per cent; at quarter load, it is 30 
per cent, and at no load 3.6 per cent. The difference is 
accounted for by the fact that the mechanical efficiency 
drops off rapidly with a decrease in load ; for example, in 
this particular case at full load the efficiency is 94 per 
cent, three-quarter load 92 per cent, half load 87.5 per 
cent, and at quarter load 80 per cent. 

Air compressor control devices are usually set by 
the manufacturer to meet the conditions imposed by the 
particular installation, and as the design of these devices 
varies with the different manufacturers, instructions of 
only a very general nature can be given here. 

If the device fails to function properly, it is probably 
due to an obstruction in the way of dirt or other foreign 
substance, and not to a need for readjustment. It should 
be thoroughly cleaned and care taken in reassembling to 
adhere to the adjustment existing prior to the cleaning. 


Collective Dealing with Employes 


N an article in Automobile Industries, Harry Tipper 
| calls attention to the fact that from time immemorial 
the general method of paying workers has been on a 
time basis, and that this system will probably prevail 
as the most acceptable for a long time to come. 

In Great Britain, not until 1824 was the right of 
private contract between employer and worker recog- 
nized. Wages and conditions of employment were con- 
trolled by legislation, which provided against combina- 
tions of workers for increasing wages or changing 
conditions. 

Since 1860 the need of collective bargaining has 
been recognized, resulting in standards of wage and 
standards of performance, the latter based on the ability 
or preference of the majority rather than the recognition 
of the individual or his skill. 

Based on these facts, Mr. Tipper presents the argu- 
ment that unless an employer is willing to accept the 
principle of collective dealing with his employes, he 
will have to face the alternative of bargaining collec- 
tively with the general body of workers in whom he 
is not interested and who can have no interest in the 
success of his concern. Mr. Tipper advocates the crea- 
tion of a workers’ committee in the factory to be recog- 
nized in settling questions of wages, hours, working 
conditions and other matters affecting the workers. This 
is along the lines of the plans adopted by the British 
Reconstruction Commission, and he feels that it is the 
one course which can succeed in introducing some form 
of payment that shall give recognition to the individual. 
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Dealing in America’s Greatest Assets 


PROFESSIONAL DivisioN oF THE UNITED STATES 
EMPLOYMENT SERVICE ASSISTS EXPERIENCED TECH- 
NICAL MEN oF THE ARMY AND Navy v0 Finp 
THEIR PLACES IN WorK OF RECONSTRUCTION 


MERICA’S greatest assets, the brain power and 

energy of her thoroughly trained young men, are 

the commodities in which the Professional Divi- 

sion of the United States Employment Service is dealing. 

Officers and men of the army and navy released from 

active service are being registered with the Division, and 

placed in touch with those employers who can best make 
use of their services. 

The Professional Division deals only with those men 
who are well equipped by education and experience in 
their particular lines of work. The record of each man 
is carefully investigated before registration is permitted. 
Many university graduates in mechanical, electrical and 
civil engineering, and in chemistry, and other technical 
men with several years of practical experience, have 
already been registered. These men, who willingly 
severed their business relations more than a year ago to 
give their services to their country, are returning to civil 
life to find changed conditions. Although the industry 
of the country has great need of their services, neither 
men nor employers are able, without assistance, to dis- 
cover each other immediately. To avoid delay in the 
readjustment processes, not only the labor of the country 
but also the highly trained directors of industry are 
being mobilized with the assistance of the government. 
The aim is that each man shall fit in that part of our 
business organization where he can do his best work. 

The task of dealing with thoroughly trained men who 
in many instances can command high salaried positions 
requires the assistance of those technical organizations 
which have heretofore placed university graduates and 
experienced men with employers. The professional Divi- 
sion is seeking to co-operate with all such societies by 
referring properly qualified men to them, or by obtaining 
from them data on positions available. 

The engineering field appears to present the largest 
problems of the Professional Division. Thus far, nearly 
one-half of all the applicants have been qualified for work 
in various forms of the engineering profession. The 
temporary lull in general construction work has in part 
closed one field which, it is believed, will be more avail- 
able by the time the overseas forces begin demobilization 
on a large seale. 

The Professional Division of the United States Em-. 
ployment Service has its New York offices at 16 East 
Forty-second Street. Its registrations of experienced 
men are increasing. Employers seeking such men are 
asked to inform the Professional Division of the precise 
nature of the positions which they have available. Only 
those nen who are well qualified to fill such positions are 
referred to the employer. 


_ Tus Porrtanp Cement Association, 111 West Wash- 
ington St., Chicago, announces the appointment of Wm. 
M. Kinney as general manager. 
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Tax Anticipation Certificates 


SIDE from maintaining public order and the de- 

fense of life and property the most vital function 

of Government is the provision of money, or an 
acceptable medium of payment and exchange. 

The financial needs of the Government, in war and 
after that for the restoration of the peace footing, are 
very large. Heavy taxation is necessary and the prob- 
lem of meeting the Federal taxes without affecting 
the equilibrium of money and credits vital to the wel- 
fare of the nation. To meet the condition of raising six 
billion dollars of taxes in 1919 the Government has 
decided on two policies: (1) Installment payment of 
the taxes on incomes and profits—the first installment 
falling due March 15. (2) The issuance of Tax Antici- 
pation Certificates bearing 4144 per cent interest and 
maturing at the time the taxes must be paid. 

In effect the Tax Anticipation plan enables all who 
are liable for taxes to the Treasury to rally their cash 
means in the interval between now and March 
15, 1919, and to invest that cash in a perfectly safe 
Government security, at a fair rate of interest, and in a 
form which will be accepted by the Treasury in tax pay- 
ments March 15, 1919. Under this plan it will be pos- 
sible to avoid any disturbance of the money market and 
credit conditions at the time of the enormous tax pay- 
ments next spring. 

The matter is thus summed up by R. G. Elliott: 

‘‘War taxes are in the nature of a division of 
profits, with the Government in the position of a pre- 
ferred stockholder who must be paid before there can 
be a distribution of profits to the owners; therefore, 
provision should be made to cover this tax liability, the 
the money withdrawn monthly or quarterly and invested 
in liquid form during the year in which the profit is 
earned. 

‘‘These Treasury certificates furnish a convenient 
form of income-producing reserve and by investing in 
them during the taxable year to the extent of the tax 
liability, makes each year stand on its. own bottom and 
will tend to defer the issue of bonds and permit an 
earlier reduction of war taxes for Governmental ex- 
penditure, bringing us closer to home in our financing 
by reducing expansion, thus creating a sounder and 
more stable credit condition.’’ 


GOVERNMENT control of the railroads for a period of 
5 yr. is now advocated by Director General McAdoo. He 
argues that the period of 21 mo. after signing of a peace 
treaty is so short a time that the imminence of return 
to private control will break down the morale of the 
organizations, and will not permit of financing the neces- 
sary improvements and extensions and carrying them to 
completion under government management. He favors 
either immediate return to the owners, which is con- 
sidered impossible without legislation to change present 
regulations in regard to operation, or legislation which 
will extend the government operation period to a term 
of 5 yr. to allow effective test of this system under peace 
conditions and time for discussion and decision as to the 
best plan for the future. 
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Did the Engineer Cause the War? 


Many philosophical gentlemen have ealled attention 
to the greater material comfort that has been made avail- 
able to humanity by the inventions of engineers and the 
application of power in place of muscular effort. Noi a 
few have contended that this has resulted in a tendency 
of the race toward materialism and the seeking for the 
ownership and enjoyment of material things rather than 
for the higher ideals of action and character. Certainly, 
the mechanical facilities for making war, heavy guns, 
highpower rifles, explosives, airplanes, tanks, submarines, 
which the engineer has contributed are responsible for 
the vastly greater loss of life in the recent war than 
in any preceding conflict. 

Engineering of London calls attention, however, to 
the work of George Stephenson and his successors as 
the impulse to ambitious rulers to extend their influence 
and control, and cites the ability given to Russia to bind 
Siberia to her, the consequent friction with Japan, and 
the temptation to Germany to attempt the control of the 
Balkan rail route to the East as the main incentives in 
bringing on the two great modern wars. 

So long as foot or horse was the only means of travel, 
it was difficult for a ruler to keep in touch with far-flung 
domains and to maintain his power over them. Colonies 
that could be reached by ships were the goal, therefore, 
of the autocrat who sought to enlarge his empire. With 
perfection of railroads, lands away from the sea became 
available, and the joining of great inland states into 
empires was possible if the ruler could establish his might 
over them. 

Creation of great inland cities beeame common, with 
the massing of the people, resulting in their becoming 
accustomed to following leaders and taking orders in- 
stead of thinking and acting as individuals. Under auto- 
cratic governments this developed to the point where 
the people thought more of their bodily comfort than of 
their rights and freedom, hence were easily controlled 


" and even deluded. This came as the consequence of large 


use of machinery and power, and to that extent the en- 
gineer has been responsible for war. 

But he and his works must also be credited with win- 
ning the war for democracy and liberty. If his inven- 
tions made possible the seducing of great masses or of 
nations to the immoral purposes of autocratic rulers, 
they also made possible the welding together of free 
nations to resist the onslaught of those rulers. By his 
devices the thought and purpose of the Allies was con- 
solidation; by them the cordon was established which 
shut in the central powers from outside aid; by them 
the menace of Zeppelin, gas and submarine was over- 
come, and forces gathered from all over the earth sufii- 
cient to throw back the armies of autocracy in defeat: 
anti-aircraft guns, gas masks, nets, depth bombs, listen- 
ing devices to detect the approach of a submarine, heavy 
and heavier guns, methods for rapid production of shells 
and building of ships. For these the engineer must have 


eredit, so that, if his work made possible the effective- 


ness of the German war machine, it also provided the 


means to overcome it. 
The engineer has been welcomed and lauded ; r 
s 


has been given first place in helping to win the war. 
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he to be ignored, now that he has accomplished the task ? 
That will depend much on the members of the profession. 
If they insist on recognition of their importance in time 
of peace, they will be recognized. If they are content 
to sink back to an interest in developing machinery and 
processes for the benefit of mankind, and leave executive 
and governmental activity to lawyers, capitalists and 
politicians, they will soon find themselves in the back- 
ground as before, doing the will of the more aggressive 
professions. : . 


Carrying On in Fuel Conservation 

The threatened shortage of fuel this winter, and the 
memory of last winter’s shutdowns are sufficient proof 
that we should hold fast what has been gained in the way 
of fuel economies and continue our efforts to find other 
ways to augment them, both as a matter of present re- 
duction of expense and to postpone future rise in price 


which must come as our sources of cheap fuel are- 


diminished so that more remote sources and those more 
difficult to work or of lower grade furnish our chief 
supply. 

One encouraging fact as to the possibility of making 
savings, but discouraging in view of past effort to get 
such waste eliminated is that the largest economies lave 
been effected by preventing waste of heat and power 
after they have been delivered from the boiler and engine 
rooms. This includes waste of live and exhaust steam 
in heating of buildings and industrial processes; motors 
underloaded or running idle, heavy friction losses, poor 
belts, lights burning idle, uncovered pipes, leaks, ma- 
chinery operating under capacity. These matters have 
been remedied largely by supervision of a Fuel and 
Power Committee in each establishment to look for the 
wastes and arouse a public spirit among employes de- 
crying such waste. 

Careful attention to burning of fuel and best use of 
steam in prime movers has, of course, been another source 
of saving. But President Main of the A. S. M. E. has 
called attention to larger problems that must be studied 
in the future. These include study of the proper place 
and manner of production of power for all purposes, 
which involves the question of advisability of large 
steam plants at or near coal mines, or on tide water 
where coal and oil may be easily brought by vessels, 
and electric transmission to manufacturing centers; 
development of hydro-electric power wherever it can be 
done economically ; use of waste heat from biast furnaces 
and coke ovens; re-development of old and inefficient 
water power plants; storage of flood waters so as to con- 
serve their power; and interconnection of transmission 
and distribution systems to better the load factor. 

These developments may require governmental action 
in one or more of three ways; to assist in development 
Where the investment involved is too great for private 


, enterprise; to modify regulations and restrictions so as 


to permit a reasonable return on ¢apita]l invested, while 
safeguarding the interests of the government and the 
public; to encourage or even compel co-operative action 
by companies whose systems lie parallel or adjacent in 
order to secure the best service to the public and greatest 
econoiny of operation. 
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Such action should be taken with regard not only 
to reduction in the cost of power, but to the conserva- 
tion of natural resources and securing reliability of 
service to consumers, in order to secure the greatest 
good for the community or country. 

This, by no means, suggests the diminishing of power 
generation by individual or by block plants. But such 
a policy would insure that each such plant was justified, 
was doing the best work possible, and that where power 
is supplied from a central source it is done because that 
is the cheapest and best method ; not because of plausible 
arguments, personal prejudice or outside influence. The 
millenium is not at hand or in sight, but the war has 
taught us the superior importance of the rights and wel- 
fare of the whole people as compared to the selfish inter- 
ests of one or a few individuals 


Authorities Contributing to This Issue 


In order that readers may appreciate the authorita- 
tive character of the articles appearing in the Jan. 1 
issue, we append a list of the authors and the positions 
which they hold: 


Alex. D. Bailey, Chief Engineer, Fisk St. Station, 
Commonwealth Edison Co. 

Geo. S. Blankenhorn, Engineer, Wilson-Snyder Mfg. 
Co. ; 
O. C. Callow, Mechanical Engineer of the Mark Mfg. 
Co. 

O. H. Dorer, Designing Engineer, Centrifugal Dept., 
Harrison Works of the Worthington Pump & Machinery 
Corp. 

Geo. H. Gibson, Mechanical Engineer, 
Safety Boiler Works. 

Ottomar H. Henschel, Associate Editor of Power 
Plant Engineering. 

C. A. Hirschberg, Mechanical Engineer, Ingersoll- 
Rand Co. 

V. E. Johnson, Sales Engineer, Westinghouse Electric 
& Mfg. Co. 

R. Kessler, Mechanical Engineer, Green Fuel Econ- 
omizer Co. 

Henry Kreisinger, Fuel Expert, U. S. Government 
Service. 

R. H. Kuss, Consulting Engineer. 

M. 8S. Leonard, Chief Engineer, B. F. Sturtevant Co. 

J. R. McDermet, Experimental Engineer, Elliott Co. 

H. C. H. Meheiz, Associate Editor, Power Plant En- 
gineering. 

Martin O’Connor, Chief Engineer of the Com Works, 
J. I. Case Mfg. Co. 

Claude O. Streeter, Mechanical Engineer, Graton & 
Knight Mfg. Co. 

Carl L. Svensen, Director of the Ohio Technical 


School. 
R. E. Turner, Associate Editor, Power Plant Engi- 


neering. 
F. F. Vater, President of the Power Plant Specialty 


Co.. 
H. A. Wilcox, Consulting Engineer. 
J. Wilson, Engineer Steam Turbine Dept., 


Chalmers Mfg. Co. 
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News Notes 


L, E. Townstey, Mgr. Foreign Trade Department, 
Paul R. Ruben & Co., 16 California St., San Francisco, 
Cal., leaves the last of January for China, Japan, Philip- 
pines, Dutch East Indies, Straits Settlements and Aus- 
tralasia, to establish resident agents at principal ports. 
Correspondence is invited with American manufacturers 
desiring to increase their foreign trade. 


Specirications for the preliminary work on the Los 
Angeles, Calif., new power plant No. 2, in the San Fran- 
cisquita canyon, were taken up recently at the meeting 
of the public service commission. The work will cost 
between $50,000 and $100,000. The work on the power 
plant will be rushed to completion with all speed. It 
will, when finished, add 28,000 hp. of electrical energy 
to the city’s power system. 


THE ENTIRE Classification yards of the New Haven 
road are to be electrified, and while the work is under 
way the temporary supports for the electric system from 
the west out northward are to be replaced by permanent 
supports of steel. In connection with the extension of 
electricity a new power house may be required, though 
it is likely that if the power house at Zoar Bridge is 
finished within two years the road may buy its power 
from that source and so save the expense that a new 
power house would incur. 


Catalog Notes 


CATALOG NO, 244 of the Jeffrey Manufacturing 
Co., which has just been published, demonstrates the 
advantages of using Jeffrey Standardized elevators and 
contains other data of interest, 40 pages being devoted 
to details of elevators selected out of numerous styles 
used in the handling of a wide range of materials in 
practically every industry of the country. A page is 
given to each Standard elevator which is illustrated, 
both in perspective and in line drawing, giving dimen- 
sions. There is also an illustration showing the chain 
and bucket used in that type of elevator, and at the bot- 
tom of each sheet is given a list of specifications. 


GENERAL ELECTRIC CO.’S office calendar for 
1919 consists of six large leaves carrying one month on 
each page. It is of convenient form, having below the 
current month, the preceding and succeeding months 
for reference. It is being sent out from the general 
office at Schenectady, N. Y., on request. 


LINK-BELT CO., 39th St. and Stewart Ave., Chi- 
cago, is sending out its new illustrated 52-page Book No. 
353, Economical Handling of Coal and Ashes and Re- 
serve Coal Storage. 


BULLETIN 107, relating to the Vater water soften- 
ing system, has been received from Power Plant Spe- 
cialty Co., 1306 Monadnock Block, Chicago. 


FROM GREENFIELD Tap and Die Corporation, 
Greenfield, Mass., we have just received No 40 catalog 
of small tools. This catalog lists that company’s line of 
taps, dies, screw plates and reamers. 
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The other lines manufactured by the company are 
taken care of in a separate catalog, as follows: Pipe 
Tools, No. 38; Machine Tools, Nos. 39 and 41; Gages, 
in course of preparation. 

A pocket edition of No. 40 catalog is now ready and 
will be supplied to jobbers and dealers for general dis- 
tribution. 


Trade Notes 


CHAIN BELT CO. of Milwaukee, Wis., has estab- 
lished a branch office at 1018 Corn Exchange Bank 
Bldg., Chicago, with Herbert C. Follinger in charge. 


W. F. KECKEISEN, formerly advertising manager 
of the International Filter Co., and previously associated 
with the Federal Sign Co., has joined the staff of Rus- 
sell T. Gray, advertising engineer, Chicago. 


CHAMPION AND RYAN, 299 Broadway, New 
York, have recently arranged to act as eastern sales 
representatives for Ajax Electric Specialty Co., of St. 
Louis, Mo., covering the territory embracing Boston, 
New York, Philadelphia and export trade. 


PRATT & CADY CO., Hartford, Conn., has pur- 
chased the entire plant and business of I. B. Davis & 
Sons, of Hartford, manufacturers of feed-water heaters 
and hot-water heaters. The company will continue the 
manufacture of the Davis products. 


L. E. SCHUMACHER, who for the past 8 yr. has 
been chief inspector of the Westinghouse Electric and 
Manufacturing Co. at East Pittsburgh, Pa., has been 
promoted to works manager of the Krantz Manufactur- 
ing Co., of Brooklyn, N. Y., the latest subsidiary of the 
former company. 


YARNALL-WARING CO. has acquired a three-acre 
tract at Mermaid Lane and Devon St., Chestnut Hill, 
Philadelphia, adjacent to Mermaid Station, Chestnut 
Hill division, Philadelphia and Reading Railway. The 
tract contains a three-story stone mansion which is being 
converted into general offices, and a one-story modern 


machine shop has been erected in which manufacturing — 


is now being carried on. 
. a \\ oa \hge': 

AT A SPECIAL MEETING of the Board of Di- 
rectors of Pratt & Cady Co., changes in official per- 
sonnel of the company were made as follows: 

Edwin L. King was elected treasurer to succeed the 
late Bishop White. He will also continue to act as secre- 
tary. Additional offices have been created and filled by 
the election of O. Lamson Beach as assistant secretary, 
and Albert E. Oldroyd as assistant treasurer. . Mr. 
Beach has been assistant sales manager for the last year 
and a half, and Mr. Oldroyd has been chief accountant 
since 1914. 

In addition to the above-mentioned officers, W. B. 
Lashar is president, and B. I. Ashman is vice-president 
and general manager. 
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